English Edition of 


SEKTPOCBRGD 


November 1961 


ey ie 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
Established 1884 


345 East 47th Street 
New York 17, New York 


Warren H. Chase, President 

N.S. Hibshman, Executive Secretary 

C.E. Dean, Technical Vice President, Communications 
W.F. Denkhaus, Director of Publications 

L.G. Abraham, Chairman, Communications Division 


— 


The English edition of TELECOMMUNICATIONS is published by the 
American Institute of Electrical Engineers with the aid of a grant from 
the National Science Foundation. ©1961 by American Institute of Elec- 
trical Engineers. Also published under the same arrangements are the 
Russian electronic journals RADIO ENGINEERING AND ELECTRO 


PHYSICS and RADIO ENGINEERING. 
TELECOMMUNICATIONS : 

(3JIEKTPOCBA3b) ; 

Publication of the ' 
A.S. Popov Technical Society of Radio Engineering and Telecommunications 


Translated and Produced 
by j 
Royer and Roger, Inc. 


R 


Translation Editor: Jack Warren, Columbia University 


AIEE REVIEW COMMITTEE FOR TELECOMMUNICATIONS 


H.F. May 
Bell Telephone Laboratories, Inc. 
Chairman 


. Cooley A.E. Joel D.L. Solomon 

. Fowler S.T. Meyers F.W. Smith 

. Frost W. Miller J.C. Walter 

. Hollins L.L. Robinett G. Worthen 
R.B. Shanek 


Subscriptions to Telecommunications should be sent to AIEE 
Special Subscription Department 
41 East 28th Street 
New York 16, New York 


1961 Subscription rates: 


Individuals ee * 
Libraries, institutes, govt. agencies 28.50 10 


12 issues per annum comprising approximately 1100 pages 


TRANSMISSION CHARACTERISTICS 
OF PHASE TELEGRAPHY SIGNALS 
IN RECEIVER DISCRIMINATORS 


V.V. Sokolov 


The report discusses transient processes during the passage of 180° 
phase-shift-keyed signals through a receiver discriminator. The derived 
design formulas for transient amplitude and signal phase are given for the 
most general case in which signal frequency does not coincide with the 
midfrequency of the receiver passband. 


The advantages of phase telegraphy using 180° phase-shift keying are 
well known. It ensures higher noise immunity than does amplitude and 
frequency telegraphy, and requires relatively narrow bandwidth for recep- 
tion. 

However, due to a number of difficulties involved in designing phase- 
keying systems, the introduction of phase telegraphy into short-wave radio 
communication has only recently begun. In this connection it is very im- 
portant to consider the laws characterizing distortion of phase-keyed sig- 
nals during passage through various sections of a receiver, particularly 
through the RF and IF sections, where the main portion of the discrimina- 
tion is performed. 

The problem of transients in tuned systems during phase keying has 
been partly discussed in [1]. However, this report only discusses the case 
of precise tuning of a system to the signal frequency. However, in many 
cases of practical importance the receiver may be detuned relative to the 
received signal; that is, the signal frequency may not coincide with the 
midfrequency of the receiver passband. 

Below we examine the amplitude and phase transients for signals at 
the discriminator output during reception of 180° phase-keyed signals for 
the general case where the midfrequency of the receiver passband is 
detuned relative to the signal frequency. Precise tuning of the receiver 
to the signal frequency is treated as a special case. Let us represent the 
discriminator of the receiver in the form of an n-stage tuned amplifier 
with single tuned tanks in the plate circuits. The frequency response of 
such an amplifier, with proper choice of the number of stages n, may 
more precisely approximate the selectivity curve of a real receiver with 
narrow bandwidth used for reception of phase-keyed signals. 

The composite signal at the receiver output with an input signal 


il 


phase jump of A@ = @ - 6;, may be regarded as the sum of two oscillations— 
damped oscillations appearing on removal of the input signal having phase 
8, and rising oscillations appearing at the output, due to the application of 
an input signal having the same amplitude and frequency, but with phase 
8). Hence, we shall first discuss the rise and decay of alternating voltage 
at the output of the discriminator due to application and removal of input 
signal, respectively. 

The gain of an n-stage amplifier may be written in the form 


K,= SAK! one (1) 

(+1) 
Here K= ra is the amplitude characteristic of a single-stage 
amplifier, p= sehen is the phase characteristic, Kp is the gain at res- 
onance , «= a _ ae z= =" is the relative detuning, d= 58 the damp- 


ing of the tank circuit. 

It was shown in [2] that the transient amplitude of the amplifier de- 
scribed by Equation (1) for Kp = 1, by means of an operational method, 
reduces to the form 

= (1+ os : 


at 
n—1 
A,()= J Gare dé. 
0 


After integrating for the general case in which the frequency of 
external excitation w does not coincide with the natural frequency of the 
tank circuit , we obtain the expression for amplitude of amplifier output 
voltage for an input voltage of amplitude Up in 


a ae f issih 3) at m—l [(1 41 =) |" 


/ Cain as ! 
(i415) K=0 x | 


or, converting to sinusoidal voltages and considering that ¢ = 2Q/w» while 
d = 2a/uy, we have 
Ofer Ke d? 
U, (fe ee ee {sin (wf — ny) — 


(Vastig- yn 


— Dn (te sin [oot — nz + ¥q (0), (2) 
where 


D, (te 2 = > (: ami #) “lt (2’) 


*x=0 


Upon removing the external voltage, the damped oscillations at the 

output of the system will have the form 
UminKk a? 
U, (j= —_ D,, (eo. sin [Wot pestle ts oF (d). (3) 
(V 2+ d2)" 

Let us now discuss the transient occurring from a phase jump of 180°; 
0, =0 and 8.= 180. In this case there will occur damped oscillations 
Uni (t) with phase @; = 0° and rising oscillations Un» (t) with phase @)= 180°. 
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U, (1) = Un O) + Uno () = —Sr2out— (D, (te sin fot — nz + 4,(6)) + 
( 22 ay d2) )? J 
+ sin (wf — np + 180°) — D,()e™ sin [wyt — ne + 9, (t) + 180°]}. 
In this equation, omitting for simplicity the initial phase ny, which 
is identical for all components, and assuming the detuning to be positive, 
and w= uw +, we obtain 


U, (j= —Zarout_ op, () e™ sin [(o — 2)f 4: &, (0) — sinet} = 
(Vezay 


— __Umo out ___ {[2D,, (t) eu cos (Qt — 9, (t)) — 1] sin of — 


(Vevey 


—[2D,()e-™ sin(2t —4%, (t))| cos!) 


Let us represent these oscillations in the form 
U,() =C, (é)sin [ot + 9,(4)), (4) 


where the amplitude of resulting oscillations 


CG. (t)= Um 0 out . 


x [2D,(t)e— cos (2 t — 4, (¢)) — 1]? + [2D, ()e~ 7 sin (Qt — 9, (4) )?= 


=C) (ep (je cos Oi eee | (5) 


while the phase of the resulting oscillations 
2D, (t)e—”' sin (Qt — ¥,, (t)) (6) 


9, (¢) = arctg 
1— 2D, (t) e—* cos (2 t— , (¢)) 


For calculation of resulting amplitude and phase it is necessary to 
know the functions Dy(t) and Y(t). 
Designating in (2’) 


ness iat) 
] i | =a'e’, 
a ( = i, 


where 


2 
C= Sie gay 


and performing simple but laborious transformations, we obtain 


n—1 
GA¥ar OM xem ib + 
D,, (= VI ie 5 (2m)! >) x! 4 
Eas K=1 
ges ay ee eee 
Siete ZL Nile atl” 7 
ef ee S| eet ”) 


m= (0) K=1 
n=1 
2 1 "1k 
RE ae VCO Comet 
at (2m-+1)! som Kk! 


igy, ()= —= —— (8) 
7s Puli Goal) ak cuales) a 
a (2.7)! oma ra 
m=0 K=1 


Let us note the following fact. In order that the assigned passband 
of the amplifier will not change with an increase in the number of stages n, 
the passband of each tank circuit must be correspondingly increased [2] 


Assuming that the amplifier passband remains constant with different 
n, we Shall designate all the quantities of an n-stage amplifier, including 
damping d, by the subscript n; a single-stage amplifier will have no sub- 


script. 
Formulas (5)-(8) then take the form 


C,N=CV Po4D (Neus cose? ey) aD eae (9) 


2Dn (the— 7‘ sin [Qt — vn (| (10) 
1—2D,(t)e7 *n‘ cos[Qt—dy(t)} 


” n—1 : i 
2 VSD Rey ee 
AY, (eee yl | + 
0 


4, (t)=arctg 


m= k=! 
mi o n—1 ‘ 

“3 + ene VY (x2 ty" qomtl 
os (2m +1)! mx! ' 
m=() Ka) (11) 
cS ss n—!| . 
Vee b ALA piel onp 
— Qnm+1) x! « 

v. (t) == arctg rieay er (12) 

wey NY WV 1G, OF 

ams (2m)! msg 
=0 1 


Formulas (9)-(12) are applicable for any number of stages and for 
any detuning; hence, they are extremely unwieldy. 

However, if we consider that the discriminator sections of modern 
receivers are sufficiently accurately represented as amplifiers with not 
more than 3-4 stages while the detuning of the receiver relative to the 
received signal, as a rule, is small, then for practical calculations the 
formulas may be somewhat simplified. 

It follows from formulas (9)-(12) that upon changing the sign of detun- 
ing (-2, -¢%), in view of the even value of the cosine function and the odd 
value of the sine, the change in amplitude in phase does not change while 
the sign of the phase change varies oppositely. 

Physically, this indicates that the transient, depending on the sign 
of detuning, occurs either with an increase or with a decrease in frequency 
of the resulting oscillations 


@ (4) = a --@ = Aw(é). 


The derived formulas pertain to the case of a change in signal phase 
from 0° to 180°. With reverse change of phase from 180° to 0° the tran- 
Sient behavior does not change, but the signs of phase and frequency devia- 
tions in the presence of detuning will be opposite those of the preceding 
case, 

Let us discuss a few special cases, 
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1. SIGNAL PASSING THROUGH AN AMPLIFIER 
CHANNEL WITHOUT DETUNING 


In this case: 
Gea(P s==@ om) 
Cr(H = CoV 2D (iye7 eae 
h, =0, 
n=l ie 
D,()=14 2 ig 


k! 
Kl) 


Yn = 0. 
Formulas (9)-(12) im the absence of detuning are the same as the 
formulas derived in 1 for the case of a phase discontinuity of 0 = 180°. 
a) Single-Stage Amplifier (n = 1) 
DK) = ile 


The resulting oscillations U(t) = Uy [1 - 2e-°t] sin apt may be divided 
into two components: 

U,(t) * Um[1 - eM} sin apt are rising oscillations, 

Uz (t)=-U,,, e - sin apt are damped oscillations. 

These oscillation are opposite in phase. At the instant ty at which 
2e-%1 = 1, the amplitude of the resulting oscillations is zero. Witht<t, 
damped ‘oscillations with zero initial phase will predominate; with t >t, 
rising oscillations with initial phase of 180° predominate; that is, there is 
no phase transient. At instant t= t, the phase of the resulting oscillations 
changes by 180°. The fall and rise of amplitude occurs exponentially. 


b) Two-Stage Amplifier (n = 2) 
In this case 


wee kt ee 
ViaVawa 


Qualitatively the conditions are the same as in the preceding case; 
‘however the instant t,, at which the amplitude becomes equal to zero while 
the phase discontinuity changes by 180°, changes to D,(t) >1 and t,> t. 

c) Three-Stage Amplifier (n= 3) 


In this case 


dy = 156d; a.=—1560; D,(t)=1 + 1.5624. 


ds =: 1,96d; a3= 1.964, 
D,(t) =1+1.96(1 +0.98a/) 


Here, D3 (t) >D,(t) and t3 >t. 


05 10 15 2.0 25 30 35 4.0 


Figure 1 Figure 2 


Curves for change in amplitude and phase of the resulting oscilla- 
tions in the absence of detuning, as calculated from the given formulas, 
are shown in Figures 1 and 2 for n=1, n= 2 andn=3. 


2. SIGNAL PASSING THROUGH AMPLIFIER SECTION 
WITH DETUNING CORRESPONDING TO AMPLIFIER 
PASSBAND LIMIT OF 0.707Cy, LEVEL 


O—@,—2; c—d. 


a) Single-Stage Amplifier (n = 1) 
In this case 


Di(t)\ en Ey 
CHi=GV. 1—4e cosQt+4e 


’ 


9 p—tte: 
 (t) =arctg SS ed 
1—2e-* cos Qt 


Due to differences in frequencies between natural and forced oscil- 
lations the rising and decaying components of the signal in the presence of 
a transient are not opposite in phase, as in the case of absence of detuning. 
A change in phase angle occurs between them while the rate of decrease in 
resulting amplitude is retarded; and then, without reaching the zero value, 
the amplitude again begins to rise and may exceed the level of the steady- 
state value. Transition of signal phase from 0° to 180° occurs not ina 
jump, as when detuning is absent, but gradually. 

b) Two-Stage Amplifier (n = 2) 

In this case 


@ = 1,562; a, =a, 3 + = 1.864; 2 = 0.57; 


3 5 
’ $2 Fo 
Go EN Coat a a 


6 120 l.lla¢ 
t j= SareetoNs ; 
Z by (t) ir x Uk RATE 
14a¢(1- 2, BH _ ) 


D,(t)=V (1 + 1.5624)? + (1.11 at)’, 
The amplitude and phase of the resulting oscillations are calculated 


from general formulas (9) and (10) with n = 2. 


c) Three-Stage Amplifier (n = 3) 
In this case 
@= 1.96.0; o,=222; 9, =0.47. 


, (25 t)? oe ; (2, t)? 
al at + ie 2) 4+ - a, t+ 31) 23 


; (23.02 a hae sane pe 


_ 2.2at (0.64+1.18 sf) 


~~ 142,23¢(0.89+0.622t) ” 
Dy (t)=V [1 + 2,2 af (0.89 + 0.62 a#)|? + (2.2 2¢ (0.64 + 1.18 2¢)|? 


tg (t) = 


6 


C3(t) and @3(t), as in the preceding case, are determined from for- 
mulas (9) and (10) with n= 3. 


Curves for the change in amplitude and phase of the resulting oscil- 
lations for detuning © = d are given in Figures 3 and 4. 
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Figure 3 


Figure 4 


In order to determine the nature of the change in resulting amplitude 
and phase with a gradual increase in detuning, Figures 5 and 6 give the 
curves for transients of a single-stage amplifier with different values of 
detuning. These curves were calculated from formulas (9)-(12) with n=1. 


Oscillograms of phase-keyed 
signals at the IF output of the re- 
ceiver are shown in Figure 7 for 
cases of calculated detuning and 
show the excellent agreement of the 
theoretical and experimental results. 


Figure 6 


b) | to) 
Figure 7 


CONCLUSIONS 
1. Inthe passage of an 180°phase-keyed signal through the discriminator 
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section of a receiver, the discrete nature of the phase change is preserved 
in only one special case: the absence of detuning. 

The signal amplitude at the moment of phase jump is equal to zero. 

2. In the presence of detuning, the signal phase changes gradually, 
wherein the rate of change in phase decreases as the detuning increases. 
The “dips” in signal amplitude also decrease and at large values of detun- 
ing “overshoots” appear which exceed the steady-state value. 

3. In maintaining a constant passband as the number of amplifier 
stages n increases, the nature of the transients changes but little and the 
magnitude of the “dips” and “overshoots” does not change. 

4, A change in sign of detuning does not affect the change in ampli- 
tude and phase of the signal, but the sign of change in phase varies oppo- 
sitely. The sign of the phase also changes with a change in sign of phase 
jump: 0° - 180° or 180° - 0°. 


APPENDIX 


1. Derivation of Formula (2) 
It was shown in [2] that the transient amplitude of the amplifier de- 
scribed in formula (1) for the case Kp = 1 is written in the form 
at 


en—1 hears are 
Ape) = Z Po pe 
n . (n —1)! S 


Introducing the notation a=1 +i > let us integrate for the general 


case in which the frequency of external excitation does not coincide with 
the frequency of the tuned circuits, 


n—-1 
1 Vv eral) aa 


] Fa 
A, (t) = -- ~a5 = = 
u(t) pe (n—1)! aod "NK Ig 
«=0 
as 
= 1 eat . _GO* 1 — 
a dod FN) Ky gl | 


n—)| 
Heat [1 ene WN re 3 
ra x! ; 
x—0 


The voltage amplitude at the amplifier output upon applying a voltage 
with amplitude Um in to the input is 


Uae seta | alee: Se Coa a | 
(1 +i —| | — al | 


Changing to an oscillatory voltage and considering that e= a d= = 
ie ; 


we obtain 


Un) = Usa (hte nin Nod eee 
(Veyzay 


x eine oo ens! oe [(+! a a 


x=0 


Designating 


y= k! =D, (the! *n = Mn(t) +1 Na(t), 
«—0 
we obtain 
Un out 
Un (t) = mout 1 (wt—nz) _ e—at { [(o— pot ; 
(V 24 a2" E Da (8) eS sent) 4 
Taking the coefficient of the imaginary part, we finally have 

U 

= a [sind — no) 2 Dy, (0) ec sin (ot = no + 0, (0). 

(Vier + ary 


2. Derivation of Formulas for Dp(t), and y(t) - (7) and (8) 
In the above derivation we designated 


€ K 
nl [(1+1 =) 24] 

Da(pe'?n) — YN is et 
sonal 


k! 


K—0 


Let us further designate : (ce “| =7'e!?, where a’= J ess ; 


while, as before, y= arctg 
Then 


4 rf (x' t)2 2 t i — i} 
D, (te! ee eee CRTs alee > a aD 


Let us use expansion of e!” in powers of i: 
fi ig)? 
Da (4) ent ) = 1 a’t [ ae ee =: f ) Si 4r 


x’ t)? 12 
is nae 12 « a 


=| as oe [ a ee a sax| a 
Regrouping terms: 


aN "ty: (x' t)3 j 
Dy(t) en aa i [}« ap Cae a a 4 =) { 


3! 
4 [- Aig? O'Day 'O (i3gP | 7 


2! 2} oy 3! 2) 


sy (2 is © ee 5 LEC M 
Spe re i ee ee 


«- fos 
>> ar yee CO 


m=0 
Let us separate the infinite series into two series, one including 
only even powers and the other including only odd powers of m 


vt)? ‘ts 
+ [ron Sie ati i2p + Wee i3¢+.. | i 


it, (1) _ = (igp” eos ye 
paige ars ae ae 7 


m + 1)! 


(2) 


n-1 


oo n—1 ro) 
(2 mth ler LO" om 4 ¥____ x 


(et) 


n—1 
x WV EO 2mtt = M(t) +1Nq (O- 


ai! 
x=1 


Hence, we obtain 


os oo n-l Z 
— 1)"_2m y (a't)* 7 
oo=V/ E> roa pap ll 
“ m—0 


a=1 
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-1 


ee eal "4)K P 
g VN EO oma | (7) 
i pa Om +1)! demi 8! : 


m=0 


oo 


5 n—1 , 

(2m +1)! KI (8) 

ted (0) = A. 
1m 2m rAYK 

Eyes ye 
ae = (2m)! K! 

m—0 


-1 
“=1 
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EFFECT OF NORMAL NOISE ON LIMITER 


V.I. Tikhonov and V.T. Goryainov 


The report describes an experimental setup which permits deter- 
mining one dimensional probability densities at different points of a filter- 
limiter-filter system. This setup was used to obtain the one-dimensional 
probability densities at the output of the limiter and of the output filter. 

The results are checked analytically. The character of normalization of 
noise at the output of a narrowband linear system is graphically illustrated. 


10 


INTRODUCTION 


Filter-limiter-filter systems (FLF) are used in frequency-modula- 
tion and phase-modulation receivers, in circuits for automatic frequency 
control and automatic frequency synchronization and elsewhere. Although 
analysis of the operation of such systems in the presence of noise has been 
the subject of several works [1, 2, 3, 4, 5, 6], not all the associated prob- 
lems have been satisfactorily solved. In particular, there is no detailed 
information concerning probability densities of a random signal obtained 
at the output of such a system upon the simultaneous action of an effective 
signal and noise at its input. Nor are there any data pertaining to the 
nature of normalization of limited noise by the narrowband output filter, 
although this fact is taken into account in calculations in certain investiga- 
tions. 

The present report discusses the effect of normal stationary noise 
onan FLF system. In order to decrease the number of parameters on 
which the final results depend we have assumed that the limiter character- 
istic is Symmetrical. The experimentally derived probability densities 
are explained analytically and the nature of normalization of output noise 
probability is evaluated. 


EXPERIMENTAL SETUP 


A block diagram of the experimental setup is given in Figure 1. The 
noise source (NG) is a GVSh-1 normal-noise generator which generates 
noise with a spectrum of 100-2: 10° cps. From the generator output the 
noise is applied to the input of a tuned amplifier A,;. The resonant fre- 
quency of the amplifier is fp = 110 ke and the bandwidth (at the 0.7 voltage 
level) may be varied in steps of Af, = 1.5, 3.75, 6.5, 11, 21 and 38 kc. 
The amplitude-frequency characteristics for different bandwidths are excel- 
lently approximated by Gaussian curves 


K (w) =Ko exp{—B (@—«o)? }. (1) 


Normal stationary noise whose power spectrum is determined by the 
amplitude-frequency characteristic of amplifier A; acts at the input of a 
symmetrical limiter (L) with two-stage limiting. 


Figure 1 


RMS noise at the limiter output is measured by means of a thermo- 
voltmeter consisting of a cathode follower (CF), a TVB-1 thermocouple 
(TC) and an M 198/2 galvanometer (G;). Before the measurements the 
required thermovoltmeter sensitivity was established and it was calibrated 
against the harmonic voltage from a GSS-6 signal generator. 
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From the limiter output the noise acts on a tuned amplifier A, with 
resonant frequency fp = 110 ke and a bandwidth of Af, = 9 ke. 

The noise from the limiter output of amplifier A, is applied to a 
photometric device for determining one-dimensional probability densities 
{1]. It consists of an SI-1 oscilloscope, an FEU-19 photoelectric multi- 
plier andan LM-1 galvanometer (G,) for measuring the photomultiplier cur- 
rent. 


PROBABILITY DENSITY OF NOISE AT LIMITER OUTPUT 


Let there be applied to the input of a symmetrical zero memory 
limiter with volt-ampere characteristic 7(t) = g[&(¢)] a normal stationary 
quasi-harmonic noise &(t) 


2 (t) =A (é)sin[@ot + ¢(4)] =A (4) sin 6 (4), (2) 
where A(t) is the envelope of noise with Rayleigh probability density 
A 1 A? 
W, (A) = — exp (— — —\, 3 
1 (A) 2 Pp ( 2 2) (3) 


and ¢(t) is random phase uniformly distributed over the interval (-7, 7). 

On the basis of physical considerations it may be assumed that dur- 
ing passage of noise through a zero memory limiter only the envelope A(t) 
varies, while phase Q(t) remains constant. This assumption was checked 
experimentally on a special two-channel setup (Figure 2). The two chan- 
nels were made as identical as possible. With variable threshold the chan- 
nel limiters had identical slope in the linear portion of their characteristic. 
The resonant frequencies and passbands of the tuned amplifiers A, of each 
of these channels were equal and were 110 ke and 9 kc, respectively (at the 
0.707 voltage level). 


Figure 2 


The voltages from the limiter outputs or the outputs of tuned ampli- 
fiers A, of both channels could be applied to two different pairs of vertical 
deflecting plates of an OK-17 two-gun oscilloscope. 

Figure 3 gives photographs of the oscillograms, wherein the upper 
photographs represent harmonic oscillation and the lower photographs 
represent fluctuation noise. The photographs on the left show combined 
oscillograms of harmonic oscillation in both channels as well as of fluctua- 
tion noise in both channels in the absence of limiting. The rather excellent 
coincidence of photographs of noise in both channels attest to their identity. 

The photographs in the center are of sine waves (upper) and noise 
(lower) when limiting is absent in one channel and is present in the other, 
It is seen from these photographs that in the case of zero memory limiting 
the phase Q(t) is effectively preserved and that only envelope A(t) changes. 
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Figure 3 


The photographs on the right are the oscillograms of the corresponding 
voltages at the output of tuned amplifiers A. 
Thus, the noise 7(t) at the limiter output may be described as 


7 (t) = B(é)sin 4 (2). (4) 


If the real limiter characteristic (curve 1 in Figure 4) is approxi- 
mated by an idealized piecewise-linear curve (curve II), for the envelope 
B(t) we have the relation 

Bi=| SA (t), A ‘i a, 
‘ lob Al > ee 
where S = H/a is the slope of the limiter characteristic. 

Using the well-known rule for recalculating probability densities in 
function generations of random processes, it is not difficult to determine 
the one-dimensional probability density for B(t)° 


W,(B)= = exp E a NBM), BCH, (6) 
Si 


(5) 


Bd 
2 Gi 


where 
aa — 52: 5 (7) 


Coefficient N is determined from the normalization condition 
i 


(W,(B)dB=I. 
We then obtain 
ey oe (8) 


Since in (4) the random functions B(t) and @(t) are independent, their 
joint probability is 
WV, [B (2), 6 (2)|= W, (B, )=W, (BW, (8). (9) 
Inserting the expression for one-dimensional probability density, we 
obtain 


-1(2)  -2(4) 

% PLNCH IP 

w,(B, OS rasa sipatane (BH), gis Sis re sa 
a eae xk 
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Let us introduce a new variable z= sin ©. Since 


W, (9) = => eet as, 
then 
; 1 
W (2 ee (11) 
zxVi-z 


Since B(t) and z(t) = sin 9(t) are independent random processes, we 
may easily find their joint probability: 


+e é sB—H) |, O<B<H, |z|<1. (12) 


Converting here to a new variable 7 = B sin @ = Bz and then integrat- 
ing for all possible values of B, we obtain 


rant trae tle ote 
Cal reed ie ok ioehi eos) | passin 
j |r cy 22 
b ee 2 a 
1 ates athe B aan ; 
—— 4 (cxeeene dB. (13) 
WW res ot) Vo 


By substitution of B=|7| chy the last integral is reduced to the 
probability integral 


H 1 7B 2 = 1/7)\2 
n ~ 21 -=(+ 1 
= ale | ae. e ? ka aB=— aed 2 (; ow) Sik (14) 
= re gy} é 
rt JV oe 
where 
1 Vere 
: 1 ad Oe ae Rea oor. a 
b(V) — — = — . 5 = — 2 42 : 
@(V) r= \e axe a % VH 1,7. (15) 
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Inserting (14) into (13), we obtain the final expression for one-dimen- 
sional density W, (7) of the random signal 7(t) = B(t) sin @(t) at the sym- 
metrical limiter output 


-> (=) -i/2/) 
W, (4) = — ead oe nn a 
r 2 72 27 9 
$6 (9.004) gan lul<H. (16) 


The symmetrical limiter characteristic is sometimes approximated 
by a monotonic function (curve III, Figure 4) 


Cot Feeteal2 
2 = eli @)=—ta\ AOR en (17) 


2z a9 4) 


where H is the limiting level and ® is a parameter characterizing the 
limiting threshold. 
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It may be shown [5] that the probability density of noise y(t) at the 
output of such a limiter as a function of input noise &(t) has the form 


Sipe ee > | | Soaaaro gi 
Vo exp | — + ( y wal, art (18) 


2H 2 \ a 
For the special cases of weak, 

medium and strong limiting formula 

(18) changes to simpler expressions. 

In weak limiting (@ >>o@) it may be 

considered that operation occurs at 

the linear portion of the limiter 

characteristic and, consequently, 


1 : 1 ‘Be 2 f 
Vi () = ie aa 5 | (18) 


For medium limiting (® = o¢) 
we obtain from formula (18) 


1 
Wi (y= OH 


5 all See (18’’) 


In the case of strong limiting 
(% > %) it is evident that we obtain 


Wi (= BIN 9) (Hy, 8) 


It is not difficult to see that the Figure 4 
same results for these special cases 
are obtained from formula (16), which 
defines the one-dimensional probability density of noise 7(t) at the output 
of a symmetrical limiter in piecewise-linear approximation of its char- 
acteristic. 

In order to determine the region of applicability of the special for- 
mulas the one-dimensional probability densities were determined experi- 
mentally. Figure 5 shows the plot of probability density of noise 7(t) at 

. the output of a limiter with nonlinear characteristic as shown in Figure 4 
(curve I). In the plots in Figure 5 parameter v represents the ratio 


Stage (19) 


i : 5 
di) los 


and x represents the quantity 


Re 


eee ay. (20) 


%y 


Here is the rms value of input noise &(t), o% is a quantity characterizing 
the limiting threshold, mj and o) are the mean and rms values of noise 
n(t). 
Analysis of the experimental curves permits us to draw the following 

conclusions. 

1. When v< 0.3 the one-dimensional probability density of noise 
n(t) is satisfactorily approximated by formula (18’). Herein parameter s 
is defined as the slope of the linear portion of the limiter characteristic. 

2. When v= 1.2 to 1.3 the noise at the limiter output may be con- 
sidered uniformly distributed over the interval [-H, H]. 

3. Ifv>3, the probability density may be determined from formula (18”). 
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Figure 5 


NORMALIZATION OF LIMITED NOISE 


Noise 7(t) with distribution other than normal in passing through 
tuned amplifier A, is normalized to a varying degree, depending on the 
value of the relative limiting threshold and on the relationship between the 
passband of amplifier A, and the width of the power spectrum of the noise 
n(t) [7.8]. As quantitative characteristics for deviation of probability 
density from normal we may use the coefficients of asymmetry and excess 
[9]. It is evident that for symmetrically limited noise the asymmetry 
coefficient is zero. Hence, as the quantitative criterion of degree of 
approximation of probability density to normal it is convenient to use the 
excess coefficient 


My 
L eagrre* , (21) 


where My, and My are respectively the second- and fourth-order central 
moments of the noise ¢(t) at the output of amplifier A». 

Although possible in principle, calculation of these moments is 
extremely laborious. Hence, the question of the nature of noise normal- 
ization must be solved experimentally. For this purpose we used the 
setup described above (Figure 1). 

The experimental setup was used for determining the one-dimensional 
probability densities of noise ¢(t) at the output of the FLF system at dif- 
ferent relative thresholds for limiting of normal input noise at different 
ratios between power spectrum width of this normal noise and passband of 
tuned amplifier A), The experimental data was used for calculating the 
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Figure 7 


moments M, and M, in terms of which the coefficient of excess is expressed. 
The experimentally determined values of probability density of noise 
c(t) are shown in Figures 6, 7 and 8. Herein y represents the quantity 
€—m 
j= (22) 
oe 
where m¢ and % are, respectively, the mean and rms values of the noise 
c(t), and y represents the ratio 


Af 
a 23 
V3 (23) 
where Af, is the passband of amplifier A; and Af, is the passband of am- 


plifier Ag. 

Figure 9 shows the excess coefficient for noise ¢(t) at the output of 
the FLF system as a function of relative limiting threshold for different 
values of the parameter y. 

It is seen from the curves that the excess coefficient increases as the 
limiting threshold of output noise &(t) increases. Atlarge values of threshold, 
the noise7(t) at the limiter output is close to normal and, naturally, is subject 
to little further normalization by tuned amplifier A,. For small values of limit- 
ing threshold, the noise 7(t) differs considerably from normal noise and is 
substantially normalized by the following linear amplifier A). 


deff 


For a given limiting thresh- 
old, the excess coefficient v de- 
creases with an increase in y, that 
is, with an increase in the spec- 
trum width of the noise &(t) with a 
given passband for amplifier A). 
This result confirms a general 
characteristic of linear systems: 
their tendency to normalize noise. 
The greater the inertia of the sys- 
tem and the greater the difference 
between the acting noise and nor- 
mal noise, the greater the degree 
of normalization. 

In order to avoid misunderstanding, it is to be noted that the results 
obtained by us differ from those given in [10]. This is explained by the 
fact that the authors of the latter work quite inexplicably disregarded the 
influence of the tuned amplifiers on the nature of the noise obtained at its 
output (see Figure 3). The result is that the expression they have derived 
for one-dimensional probability density (6), coinciding with expression (16) 
of the present report with S = 1 gives the one-dimensional probability den- 
sity of noise n(t) at the output of a symmetrical limiter but not at the out- 
put of an FLF system. This was pointed out in {10]. 


as 
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NOISE SPECTRUM AT LIMITER OUTPUT 


Assume that at the input of a zero memory symmetrical limiter with 
the characteristic (Figure 4) 


— H,&< —a, 
ny=elS(\|=) St —act<a (24) 
en Sir 


there acts a stationary normal noise &(t) with zero mean value and correla- 
tion function K¢(T) = o £R¢(T). It may be shown [1] that the correlation 
function K(7) of noise at the limiter output has the form 


K, )=2 ¥ a, Re (2), (25) 


n=1 
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where 


fn ieee -_ oem (_ ~)] S2af 


oe a ni ; Ag) 


ot = St? (2 ie 1] [1 a ( : i] et! (=| +1}. 


| G, | Oe 


(27) 
Since the odd-order derivatives of the probability integral 


(We Meta 
V 2: \ 


—o 


are even functions, in (25) coefficients ay with even subscripts are equal 
to zero. Hence, we may write 


Kan(s)===07 SG 5, wa wiep nls), (25') 
n=1 
; , Za Sc; 
a == || qyeae, ( Be) a aie é Jee ae 6/ 
ey | % 3; (2n —1)!6 a 
In the case of narrowband noise é(t) 
R. (=) == 7; (=) COS @ +. (28) 
Considering that 
n—l 
cos”! x= —L_ NYC cos(2n -- 2k — 1) x, 
4)2n—2 grees He 
k=0 
formula (25’) takes the form 
eo n—l 
RY WN Wo 220-1 9,- 3 
K,@= »3 DY 8 Sg PCH, 608 (2n — 2h — 1) og. (29) 
n=1 h=0 


Assuming in (29) that n - k=i, and changing the order of summation, 
we obtain 


K,@)= »2 Q.7-, (cos (21 Nes, (29’) 
l=1 
where 


me = 994-1 = of 
Qo-1 (*) = » oF aa Catt Ae): 


(30) 
it 


The power spectrum Sy () of the noise at the limiter output, in 
accordance with the Khinchin formula, is 


S, (o) = 4f K,()cosoxd<: = ) 4 fi Qy1_1 (+) COS (21 — 1) ot cos wed = 
0 i=l 0 
or 


S, (o) = yy So,_ (0), on 


i=l 
where 


S,,_,(@) = 4 if Q,,_1 (+) cos (2é — 1) yt cos wz dt. (32) 
0 


Thus, the spectrum Sp (w) of noise 7(t) at the output of a symmetrical 
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limiter consists of an infinite series of components located in the vicinity 
of frequencies Wo, 36, Sup.. 

Let us determine the spectrum S,;(#) in the vicinity of frequency %p. 
Assuming in (32) that i= 1, we find 


Si (w) = 4 f Q, (z) Cos @) + cos: d= = 
0 


NN %n-1 = . = 
= 407 y re Ces § r2"—"(z) COS @p t COS @7 at. (33) 
a—l 0 


After relatively simple calculations on the assumption that in (33) 
w>0 and, consequently, that in the vicinity of frequency « the inequality 
(W + Gp)? >> (w- Gy)2, we obtain 

S, (w) = 40? >» : — 
mat 2-1Y (2n—1)| re (0) | 


(34) 


V 2x 99n-1 spas e | -— (w — «)? 

2(2n--1)|r;_ (0) 
Let us define the width Aa, of the components of S; (w) by the equality 
J Si () do 


S1 (0) 


In accordance with formula (34) we have 
Cl A ne 
V [re (Oy) ea 2°" VV 2n—1 

na—l ios 
J S, (w) dw = 402 / 2x See 


g2n—} 


S', (@) = 


n=1 


1 (w—a,)? 


Xv 1 = ih pr Cant) ay he ae 
V2 V cn—v[ri | « 


o 


n—1 
— Hee 4 an-1 Cn, 
q 92n-1 
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Inserting these expressions into (35) we obtain 


do, =A) 2/7, (36) 
where 


WV a2n-1 (2n -— 1)! 
= Q2n-1 (n — 1) nt 
= 


As — , (37) 
Vee 22n—1 (2a —1)t 
foe 2a oe hire Bn 


If in (37) we limit ourselves to the first four terms of the series, 


Oe BS + 0.75043 + 0.625 a; + 0.547a; 7 
a; + 0.43203 +0 279as5 +0.205a7 ° Ge 


Coefficient A depends only on the relative limiting threshold a/o¢ of 
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the symmetrical limiter. This relationship, calculated from formula (37’), 
is plotted in Figure 10. 

“ee Let the amplitude-frequency characteristic K( w) of the filter at the 
limiter input have the shape of the Gaussian curve of Equation (1). Then 


R, (3) = Fz (5) COS @) t=exp (—77/8)X 
X COS *, 


and, correspondingly, 
S; (w) = So exp {— 28 (w -- o,)*). 


The width Awe of this spectrum, in 
accordance with (35) is 


J Sp (w) do aes 
IN gp ae = (38) 
é Se (o 2p ° 
g (oo) p Figure 10 
Considering that in our case 
1 ve 
43 me Ire (O)|, 
expression (36) may be presented in the following form: 
Aw, = Ao, A, (39) 


where A is defined by relation (37). 

Analyzing expressions (36) and (39) we may conclude that the increase 
in width Ac, of the components of spectrum Sj (w) of noise 7(t) at the output 
of the symmetrical limiter does not exceed 10 percent of the width Aw 
of the power spectrum of input noise €(t). Thus, if at the res ny 
limiter output there is a narrowband linear system with resonant frequency 
@ and passband Aw satisfying the condition 

do, < Aw < W%, 


the width of the power spectrum S¢(w) of noise ¢(t) at the output of such a 
system may be assumed to be equal to width Awg with an accuracy of 10 
percent. 
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METHOD OF REDUCING PULSED NOISE 
IN RADIO-TELEGRAPH RECEPTION 


A.A. Krivetskiy 


The report describes a noise-suppressing system in which the mean 
level of pulsed noise is decreased by heterodyning of the noise signals 
which have first been limited to the effective signal level. It is shown that 
the mean level of noise surges at the output of the noise-suppressing sys- 
tem does not exceed 0.4 of the peak effective signal. 


Numerous descriptions of various methods of combating pulsed noise 
have appeared in the literature. However, telegraph receivers were 
formerly provided with the most elementary means of protection — a 
bidirectional pulsed-noise limiter after the detector. It is explained that 
this was an attempt to preserve an important characteristic of aural 
reception of telegraph code: the possibility of distinguishing signals from 
stations which are close in frequency but differ in tone. 

As is known, in telegraph reception, as the result of beating of the 
voltages of the local oscillator in the voice-frequency converter and of the 
received signals and separation of audio frequencies, signals which are 
close in frequency have different tonal coloring. The ability of the human 
ear to distinguish useful information from different interfering signals 
according to tone has been of great importance. It is this faculty which 
permits a radio operator listening to several transmitters at once to con- 
centrate his attention on one of them. 

Noise-suppression systems based on any type of integration and 
shaping of a new signal eliminate the possibility of using heterodyning. 
Hence, those systems which permit protection of the signal against pulsed 
noise in instrumental reception of telegraph messages have not found 
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application in devices for aural reception of telegraph code. Nevertheless, 
the existing means of protection (limiting noise beyond the detector to a 
given level) is not wholly effective. 

Bidirectional limiting of pulsed noise with the limiting threshold 
~ equal to amplitude of the signal envelope cuts off noise pulses exceeding 
the threshold value but leaves noise surges which do not reach the limit- 
ing level. Thus, a bidirectional limiter does not protect the signal against 
distortion and has no effect on noise during pauses. With high pulsed- 
noise repetition frequency, the difference between the distorted signal 
and the noise-filled space disappears and a limiter lowering the over-all 
noise level does not solve the problem of noise immunity. 

On the basis of theoretical investigations performed under the direc- 
tion of A.A. Fersman, candidate in technical sciences, there was proposed 
a noise-Suppression system which does not possess these shortcomings. 
The underlying concept of the proposed system consists in the fact that in 
simultaneous action of noise and the voltage of a third local oscillator on 
the detector, the probability distribution of noise changes, and it becomes 
possible to create conditions under which we may obtain more suitable 
statistical characteristics of noise from the point of view of noise immunity. 
In the described system there is achieved such a change in the statistical 
structure of random noise that the expected value of noise surges (mean 
value) is decreased. 

Let us discuss a case in which noise voltage acts on a receiver in 
the presence of heterodyning. In the RF section of the receiver the pulsed 
noise appears as impulsive excitation of the input tank circuits at reson- 
ance frequency with subsequent amplification and conversion of these oscil- 
lations. Since after conversion the resonance frequency of the input stage 
is converted to an intermediate frequency equal to the resonance frequency 
of the IF amplifier stages, any pulsed noise, regardless of receiver tuning, 
will represent high-frequency oscillations of one or another frequency 
equal to the resonance frequency of the IF amplifier stages. For the sake 
of simplicity in our discussions we shall assume that the frequencies of the 
local oscillator and of the high-frequency results of noise surges are 
identical and that the amplitudes of the noise envelopes Up and of the local 
oscillator Up are equal. This assumption will be further explained below. 

In the RF section the noise voltage and the local-oscillator voltage 
are additive. The phase difference between the sum voltages is random; 
hence, the magnitude of the sum voltage is also random. Figure 1 shows 
the vector diagram for summing noise voltage Un and local oscillator- 
voltage Uo. 
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Figure 1 


As is seen from this figure, the absolute value of the vactor sum is 
defined by the expression 
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(0, + U,|=V U2 + U2 + QU, vos¢. (1) 


With our assumed limitations of Un = Uo this expression is simpli- 
fied : gy 
\On + U, |= ¥' 2U? + 2U2 cos ¢ . (2) 


In aural code reception, in the spaces between pulses the ear reacts 
only to the change in the constant component of the local-oscillator voltage 
at the detector load. Upon the action of noise on the receiver the change in 
constant component will be defined by the expression 


A U, = V 2U2 + 2U? cos @ — Uy. (3) 

It is seen from this expression that the noise surge will be completely 
reproduced in only two cases: when the noise is in phase and when it is 
180° out of phase with the local-oscillator voltage (that is, when cos g= 
= +1). 

In the first case there is created at the detector input a surge above 
the level of the constant component of voltage at the detector output in the 
space. In the second case, there occurs a surge “downward” in the direc- 
tion of decreasing constant component. Of course, the human ear is not 
able to distinguish the sign of these surges and in both cases perceives 
them identically. Any other phase difference between the RF voltages 
of the local oscillator and noise will result in a smaller sum voltage. 

At the detector output there will arise surges of smaller magnitude 
than the noise surge created in the absence of a local oscillator. In addi- 
tion, there may occur cases in which the surges created by noise in the 
presence of a local-oscillator voltage will be extremely small and even 
zero. Since all of the described cases are equiprobable, it may be 
assumed that the mean value of noise in the spaces M(Un) decreases. 

In Figure 1 formula (3) was used to plot the curve of noise surges 
at the detector load as a function of phase difference 9. 

It is seen from this curve that in adding the noise voltage and local- 


oscillator voltage with phase difference less than gy = mn there occur 


“upward” surges at the detector load; in adding voltages with larger phase 
differences there occur “downward” surges. 


The total value of noise surges “upward” is defined by the integral 
2n/3 


j (1/ 2U2 + 2U? cos @ — Uy) dz. (4) 


Then the mean value of these surges for all possible phase differ- 
ences is defined by the following expression: 


2ni3 —_—* 2rd 
1 y aS 2 
M(Un,) =~ § (V 2U2 + 2U? cos p — U,) de = ~ Usin =| _ 
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U 
— tm 9 = 0.44. (5) 
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Similarly, the mean value of “downward” surges 


1 ° ¢ 9 ¢ Wie eae, F i 
M(U,_) = — f (Uy -- 7 2U2 ~ 2U? cos ¢) dz = “o y | i = Uysin £ | = 0.16U, (6) 
22/3 iT 
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The mean value of noise surges affecting the auditory apparatus is 
equal to the sum of the mean values of “upward” surges and “downward” 
surges as added without regard to sign: 


M (Uy J=0.44 Uy + 0.16U, = 0.6U, = 06 wee (7) 


As follows from expression (7), in the presence of heterodyning the 
disturbing action of noise is decreased by 40 percent. Calculation of the 
expected value of noise for the case Up > Uy shows that it does not change 
its value. Conversely, with a decrease in local-oscillator voltage, the 
expected value of noise surge increases toward a limit, approaching a value 
corresponding to the statistical law of noise distribution. 

Under ordinary conditions there may occur in a receiver any relations 
between local oscillator voltage and noise voltage. In order to create con- 
ditions insuring a decrease in M(Uy) it suffices to achieve noise-voltage 
limiting in the RF section of the receiver up to the stage with heterodyning 
ee to choose a local-oscillator voltage which is not less than the threshold 

evel. 

If the limiting threshold equals the effective signal amplitude, the 
mean value of noise in the space is 


M(Uy) = 06 Ug, 


where Ug is the effective signal amplitude. 

It must be remembered that the requirement of equality of the fre- 
quencies of the local oscillator and of RF filling of noise, which was 
adopted for convenience of discussion, is of no significance in determining 
the mean value of noise surges. If these frequencies are not equal, the 
noise surges are filled by the beat-frequency difference; however, the 
extremely brief duration of impulse noise deprives it of tonal coloring. 

In addition to achieving the described useful effect, the introduction 
of a bilateral limiter in the RF section of the receiver also permits the 
use of a noise-limiting system consisting of a wideband filter, a limiter 
and a narrowband filter. 

A receiver with a WLN (wideband filter, limiter, narrowband filter) 
system permits obtaining a noise level below the effective signal level in 
the presence of considerable excess of noise voltage above signal voltage 

-at the receiver input. In this case limiting of the pulsed noise is achieved 
after the wideband filter. 

The narrowband filter (passing a concentrated signal spectrum with- 
out limiting, selects from a wide spectrum of noise which has been limited 
to the effective signal level a small amount of energy as determined by the 
passband. 

The result is that the noise level at the output of the WLN system is 

_ below the effective signal level. 
A WLN system and subsequent heterodyning, with observance of the 
~ above conditions, permits even greater noise immunity. 

In this case, the system, combining the properties of a WLN system 
and the effect of decreasing the mean value of noise surge as the result of 
heterodyning, is conveniently referred to by the abbreviation “WLNH” 
(that is, a WLN system with heterodyning). 

The WLNH system affords maximum noise suppression only with a 
threshold value equal to the effective signal amplitudes. It is extremely 
difficult to maintain the proper limiting level manually. This problem 
becomes particularly burdensome under conditions of long-distance com- 
munication, when the signal level is subject to wide fluctuations. 

The difficulty in attaining a limiting threshold which automatically 
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follows the signal level lies in the necessity of obtaining a voltage which 
is proportional only to the signal and not dependent on the noise. Only the 
fact that heterodyning is not required in an auxiliary channel permits this 
requirement to be met by relatively simple means. an 

The complete diagram of a bilateral RF limiter with automatic signal 
follower is given in Figure 2. ; 

The basic circuit is a bilateral limiter with semiconductor diodes 
D, and D,. The threshold voltage is formed as follows. From the load of 
detector D, the signal and noise envelope voltage, RF filtered by filter 
R;C, and amplified by V», is differentiated by a nonlinear differentiator 
C)R4,D,4, beyond which it is possible to obtain the noise-voltage proper, 
which is practically identical to the noise voltage in the main channel. 


Figure 2 


A noise voltage of the signal and opposite in sign to the noise voltage 
reaching the same capacitor from the main channel through resistor R, is 
applied to storage capacitor Cy. The result is that the voltage stored at 
capacitor C;, is proportional only to the signal. 

The resulting threshold voltage is amplified by the DC amplifier V, 
and is applied to the bilateral limiter. Potentiometer Rg serves to balance 
the limiter diode potentials in the absence of signal. 

The WLNH system has been tested at several communications instal- 
lations. The reports on operation of the noise-suppressing system support 
the theoretical conclusions. 

In those cases where a receiver without such protection does not 
generally provide an audible signal due to strong industrial interference, 


the use of a receiver with WLNH system provides completely normal recep- 
tion. 
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BROADBAND STUB 
IN MICROWAVE INSTALLATIONS 


V.D. Kuznetsov and V. K. Paramonov 


The report presents a brief analysis, design procedure and results 
of experimental investigation of a broadband shorted T-stub. 


In antenna transmission line techniques it is often necessary to ground 
one or another circuit for direct current or low frequencies without impair- 
ing the high-frequency circuit parameters (protection of antennas against 
lightning, draining static charages, etc.). In installations operating at a 
single fixed frequency no difficulty is encountered in solving this problem. 
In such cases, a quarter-wavelength shorted stub with arbitrary character- 
istic impedance is used and it is grounded at the shorting midpoint. 

Definite difficulties are encountered in solving this problem for wide- 
band antenna systems. In this case it is not possible to use simple quarter- 
wavelength stubs due to the fact that when departing from the frequency at 
which the stub length is equal to a quarter-wavelength there is a sharp 
increase in leakage conductance of the stub at the point of its connection 
and the matching of the system is disturbed. 

At microwavelengths such problems arise in creating so-called 
metallic insulators. In this case in operating over a wide range of fre- 
quencies a T-insulator (Figure 1) is used in which the operating range is 

-increased by compensating the reactance of one sign by an insertion reac- 
tance of the other sign. However, the literature contains little information 
concerning this subject [1] and refers only to the case in which the char- 
acteristic impedances of the line (Zp) and the stub ( Z,) are equal and 
does not contain formulas which will permit stub calculations. 

Below we present a brief analysis and procedure for designing a 
broadband stub of this type for various relations between characteristic 

_impedances Zo, Zp and Z,. 

Since the stub sircuit is symmetrical we shall discuss only one half 


of it (Figure 2) 
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The input admittance of the transformer portion of the stub from the 
direction of point A at a frequency f corresponding to wavelength A may be 
expressed as follows: 


Y; wR ules (1) 
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where 
8=toaly a= ——* 
Separating this into real and imaginary parts, we have 
ZoZ7 (1 + 6°) 23 $2 (Z5—Z7)_ 
2527+ 272 22Z7,4+27R 


(2) 


Yinr= Sine + 1} ine = 
Similarly, the input admittance of the compensating shorted portion 


of the stub at the same point A is written in the form 


4 i 
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Thus, the absolute value of total susceptance of the stub at point Ais 


az phzgec jst 


6, = Dine + Oing = (4) 
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The normalized susceptance may be expressed in the following form: 


pie fe hmm (5) 
. gy 23(1 + >) 
where 
Z ‘ud P 
m= 2(=- r ecles Zid igh 49, (6) 
Zr Ly Zo Z Zx 


The matching (traveling-wave ratio) which the stub will have at fre- 
quency f is determined from the formula 


cara (7) 


It is of interest to investigate the 
broadband properties of the stub as a 
function of the relations between char- 
acteristic impedances Zo, Zp and Zk. 

We shall assume that the operating 
range of the stub is the frequency range within 
which b', does not exceed values of & corre- 
sponding to the inflections of function bt(8) at 
points 81 9 (Fig. 3). 

Let us find the coordinates of the inflec- 


Figure 3 tive db‘ 8) /dB and equating it to zero: 
SSS See Seas 
ee Ve +6n) + ye +6" +1€mn (gy 


The coordinates of other points where the function is equal to & ( B3_ 4)may 
be found by comparing the coefficient at different powers of 8 incubic equations 
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tion points of curve b's\( B) by taking the deriva- 


oat =t 

+ 28 

i (9 
G—,.2@—B,,)=0 | | 


This will occur when 


|= 6,9 
231,9 
The operating range of the stub q = Amax/Amin is determined from 
two values of 63 4 differing in sign, 
arctg 2, 180° — arctg 83 


= (11) 


arctg B3 arctg 83 


83 = 


The stub calculations are performed in the following order. First 
from the ratios Zo/Z_ and Zq/Zo we find the quantities m and n according 
to formula (6). Then, inserting the values of m and n into (8), we deter- 
mine f;,) and by means of (10) find 63,4. Inserting 63,4 into (5), we deter- 
mine the insertion susceptance B; and from formula (7) find the minimum 
match in the operating range. Width of the operating range is determined 
by use of formula (11). 

The results of calculation of parameters k and q of various stubs as 
a function of ratio Zp/Zo are given in Figure 4. The control parameter 
here is the ratio Zo/Zx. 


Ko parameter — 2s 


1 Ee 
Pacis 


2K 


Figure 4 


Example of Use of Chart. Between the characteristic impedance of 
the stub let there exist the ratios: Zp~/Zo = 0.8 and Z)/Z,=0.5. Then, as 
follows from the plots in Figure 4, such a stub will have a traveling-wave 
ratio (TWR) of not less than 0. 91 in a quadrupled frequency range. 

In practice it is often necessary to solve the inverse problem: to 
determine the stub parameters from a given traveling-wave ratio and a 
given frequency-band coverage. In this case it is convenient to use the 
curves given in Figures 5 and 6. For example, if the stub must provide 
a TWR of not less than 0.85 over a sextuple band range (q = 6), then, as 
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follows from the curves, between the characteristic impedances of this 
stub and the line there must exist the ratios ZT/Zo = 0.765 and Zo/Z; = 
= 0.42. 


| i 
~ 
TWR parameter 


Q7 | x rt : + 
—_ tr T t 
a6 Se ‘7 TWR paramete 
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Figure 5 Figure 6 


The length / must be chosen equal to Ama/4, where Ama is defined 
as the mean arithmetic frequency of the operating range 


- 108 (“/sec) __ fmax—fmin 
frnalCPS) ise 


The phase characteristic of the stub may be calculated by using the 


expression 
eae 
igo= V =se, 
Zoc 


where ¢ is the phase shift caused by one half of the stub loaded by a 
matched impedance. 
In this formula Zge and Zoe are the input impedances of half of the 
stub at point A in the cases Zp = 0 and Zp = oo, respectively. 
It is not difficult to show that 


: 3 
1d) = 


tg¢ = (12) 


Zr 
Figure 7 shows the phase character- 
istics of stubs with different ratios between 


Zk and ZT as plotted by use of formula 
(12). 


For an experimental check of the 
derived results two stubs were made: one 
of sections of coaxial cable of type RK-3 
and RK-6 (f= 121.5 cm, Zo = 75 ohms, 
ZT = 50 ohms, Z_ = 75 ohms) and the 

Figure 7 other made of tubes and rods of 
corresponding diameters (/ = 12 cm, 
Zo = 75 ohms, Zp = 58.8 ohms, Z, = 90.1 ohms). The ends of both stubs 
were shorted by standard shorting bars of RK-3 cable. 

Results of matching measurements of these stubs (loaded by a 
matched 75 ohm impedance) are given in Figures 8 and 9. For the sake 
of comparison we have also given the design curves obtained for these 
cases from the above derived formulas. As is seen from the figures, the 
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60 
Figure 8 
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Figure 9 


experimental data are in excellent correspondence with design data. The 
slight noncoincidence of design and experimental data may be due to mis- 
match of the shorting bars, the influence of edge effects, the difference 
between the actual characteristic impedances and the nominal impedances, 
and other causes not considered in the calculated values. 
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WIDEBAND COMPENSATION 
OF TRANSISTOR INPUT ADMITTANCE 


D.P. Fedorov and M.I. Shchevelev 


The report discusses the influence of the frequency dependence of 
transistor input admittance on the frequency characteristic of a multistage 
voltage amplifier. It is shown that the use of simple parallel inductive 
compensation permits making the input admittance real and constant over 
a wide range of frequencies. A design procedure is given for calculating 
the elements of the compensating network and an experimental check of 
the results is discussed. 


It is known that the frequency characteristics of transistor amplifiers 
are based on two factors: the physical processes within the transistor and 
the frequency dependence of the load admittance of the amplifier stage. In 
discussing the frequency properties of amplifiers, the first of these factors 
must be assumed to be given for each type of transistor, whereas the load 
admittance may be varied within certain limits in order to obtain the re- 
quired frequency properties of the amplifier, 

In multistage amplifiers (Figure 1) the operating conditions of all 
stages are such that the load admittance of anyi-thstage is the input admit- 
tance of the following (i + 1)th stage. (Circuits with interstage transformers 
are not discussed.) The same operating conditions apply to the input signal 
generator, the load of which is the input admittance of the first stage. 


a 
ft Jini Yint Yin U, Y 


Figure 1 


In this connection it is of interest to examine the influence of the frequency 
dependence of input admittance of transistor stages on the frequency character- 
istic ofa multistage amplifier. From the circuit in Figure 1 it follows that 
the expression for the complex transfer constant of a multistage amplifier, 
taking into account the input circuit, may be presented in the following form: 


K oe Kalla (1) 


Oy t=1 
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* * * 
‘ In formula (1) Kin = Uin;/U, is the voltage transfer constant of the 
input circuit and is 


1 
Keune (2) 
1 + ZgYini 
= 
K; is the voltage amplification of the i-th stage and is equal to 
ke Yo 
me at : (3) 


eo. ah 
* * a 
Here Yo;,, and Y2.j are the Y-parameters of a transistor operating 


* 
in the i-th stage; Y]j is the load admittance of the i-th stage and is for all 
stages except the n-th stage the input admittance of the following (i + 1)th 
stage 


* * 
Yuiss Krnceaayn 


It is known from four-terminal network analysis that the input admit- 
tance of a transistor amplifier stage is expressed in terms of transistor 
parameters as follows: 


* * * r 


i y E va a. 3 
ine== Ving Yun, 2" in? Gores (4) 


In cascading stages by means of resistance coupling, the gain of each 
stage Kj is small; hence as a first approximation we may assume 


Yni= Yui (5) 


Assuming that the parameters of the transistors in all the stages are 
identical, on the basis of the known equivalent circuits [1], 2] we may show 
that approximation (5) is completely valid, but proof of this is beyond the 
scope of this report. 

The frequency dependence of Y;, in a common-emitter circuit is 
reflected with some accuracy in the equivalent circuit (Figure 2). The 
elements of this circuit, as shown in [3], may be considered frequency- 
independent down to frequencies close to Gy (the alpha-cutoff frequency 
in a common base circuit). 

The elements of the equivalent circuit in Figure 1 have the following 
values: rp is the effective base resistance; 
ry == tebe bese e heey 

&e(l — 2) ay V4 


Here Q is the low-frequency current r > 
amplification of a grounded-base circuit; 
ge = leo ca is the emitter conductance; Igo 
C 
is the direct component of emitter current; & 
e is the electron charge; k is Boltzmann’s Figure 2 


constant; T is absolute temperature. 
With the input circuit of the first stage as an example, let us illustrate 


the influence of Y,, on the frequency response of the amplifier. 
From the equivalent circuit in Figure 2 we may obtain 


. A i = 1 ( 
NiWiss een Bais (6) 


Here : rb 
mC = : 


Inserting (6) into formula (2) and assuming Zg = Rg, after transposi- 


tion we have 


r ] iy, ; (7) 
Kin Kino Wee aitenrrak a) 


In deriving (7) we have used the notation 


' r . R 
fi OCG A —— soi si) —— - “pb _ i aor $ 


ria rb a(Rg>rij+rp) 


At low frequencies 


yi rib 
Kin = Kino P Rg it ries rb 
If Ro “rp +14, (operation from a voltage generator), Kjno > 1 and 
becomes independent of frequency. This is the most advantageous case; 
however, in practice we more often encounter the case of operation from 
a generator in which Rg > ry, + Lp. a 
For Rg > rp +4, we may derive from (7) a simple formula defining 
the upper Chtott frequency of the voltage transfer constant of the input cir- 
cuit 
La eae iM) 
poe (8) 


711 


Bie 


_ If follows from (8) that when Rg > rj; ~ rp the cutoff frequency is 
determined by the time constant of the input circuit 74, 


; 1 1, (U2) 
oO, == : 


1 ioe 


(9) 


The curve in Figure 3 shows 
Weo/Weo as a function of the ratio 
Rg/(ri; + rp). It is seen from the 
curve that with a decrease in R 
there is an insignificant increase 
in cutoff frequency. 

For P-14 type alloyed-junc- 
tion transistors Q = 0.96 and uy = 
= 6. 28-10 sec-!. Inserting these 
Figure 3 values into (9), we obtain 


fig = 33.3 + 10% cps. 


It was shown in [4] that just as for the cutoff frequency of the input 
circuit of a stage operating into an input admittance, the cutoff frequency 
of the stage can be determined by the time constant 74. 

Thus, the cutoff frequency of a given amplifier with common emitter 
only slightly exceeds the upper limits of the audio range. However, by the 
use of simple shunt inductance compensation the input-admittance frequency 
characteristic may be substantially improved. 


INPUT ADMITTANCE COMPENSATION OF A TRANSISTOR STAGE 


Figure 4 shows the diagram of input admittance of a transistor and 
a two-terminal network. The formula for equivalent admittance Ye may 
be presented in the following form: 
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rh rin | 4-i sy R (lL ie jas Sh) 


Here 17, = L/R is the time constant of the 
compensating network. From (10), after ele- 
mentary transpositions, we obtain 


Vous loaat > hy lal (ek — 1) (11) 
Nex 1—72K +15 (« +1) ; 
In formula (11) Figure 4 
1 1 l 
Y, = 5 => i 
a rhe ru R hl 


k=7,/7 is the compensation coefficient. 
The remaining designations are the same as in formula (7). 
From (11) we obtain the following formulas for input-admittance 
frequency and phase characteristics: 


Ven (1 — yin? + 92 [1 +0 + al (« —1)P 419) 


UIP a yo( Gs == YE 

a Ahi (OU 17K) [} +1 + al(« —1)] —(l— 72 4) (Kk + 1) 
OS a2x) Saeed 2 fl al (ce = 1) +1) 
From (12) and (13) it follows that when 


K = Ko == land/ =/1, = 1, (14) 
e= ia gnile==0. 
This means that the input admittance is real and does not depend on 


frequency. From the conditions of (14) we obtain the following relations 
for calculating the elements of the compensating network: 


R= ry + ol = rp! 1 = hE, (1 = = 20)], (15) 


Yeu 


(13) 


1 Ore ; 
L= Reve bee bee 3 (16) 


a 


If R and L are chosen in accordance with (15) and (16), 
Me = l/r). 


Input admittance compensation according to the conditions of (14) has 
the disadvantage that the equivalent input admittance proves to be somewhat 
large. This considerably lowers the gain provided by the previous stage. 
For practical purposes it is extremely important to decrease the input 
admittance, which is possible when />/. In this case the input admittance 
will no longer be purely real. Applying the Braude criterion [5], let us 
find the condition for obtaining the optimum input-admittance frequency 
characteristic in the following form: 


[1 +1--al (Kopp —1)P Kone + 2K ope" + 1. (17) 


Solution of (17) for kopt gives the following value for optimum com- 
pensation parameter: 


TE NO Oye fae 
/ Eekea ect (18) 


(ie eee 2 
opt eal 


Figure 5 shows kopt as a function of / at different values of a. 
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If k< kopt, the frequency characteristic is monotonic but rises with 
frequency more rapidly than in the case k = Kop. 

If k >kopt, the frequency characteristic has a minimum at the fre- 
quency defined by the equality 


To = Mr = V+ V 4—8—A, 


Pel 
P («2 +1) + Qed — [141 + al (x —1)]2’ 
pa —Utl+al(e—)P—e— 2 —1 
K2 (12 (x2 + 1) + Qed — [1 +2 + al (x — 1)]?} 


where 


The dependence of cutoff frequency of the optimum frequency char- 
acteristic on parameter / is of considerable interest. This dependence is 
expressed by the formula 


= ee V1 5. opt C2) (19) 
Nco opt= 2x2 (R—2) (gh Ob 1)? ‘ 
opt opt 

Figure 6 shows the curves for parameter / versus the upper cutoff 
frequencies for optimum compensation (k = kopt) and noncompensation 
(k= 0) of input admittances. The same 
figure gives the plot for the ratios of 
these frequencies, which permits us 
to evaluate the increase in upper cut- 
off frequency provided by a simple 
shunt-inductance compensating network. 


Figure 5 Figure 6 


It is seen from the curves in Figure 6 that when |< V2 with a 
change in frequency the input admittance changes by less than 3 db; that 
is, it remains practically constant over a wide range of frequencies. 


CALCULATIONS FOR ELEMENTS OF COMPENSATING NETWORK 


If we are given the upper cutoff frequency of input admittance Weo, 
we may perform the calculations in the following order: 
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1. We find Neo = “eoTo- 

2. From the curves in Figure 6 we determine the maximum per- 
missible value of parameter /. 

3. From formula (18) or from the curves in Figure 5 we find the 
compensation parameter k. 

4, R is calculated from the formula 


R= rpl __ hl {1 + rpge (1 — 2)] 
tpl 1 — rpge(l — 39) (1) 
lb + riy 


5. We find the time constant T_ = 1% kopt: 

6. We calculate the value of compensating inductance L = R7x. 

7. We determine the value of input admittance at low frequencies 
Yo = Trt. 

8. The input-admittance frequency and phase characteristics are 
calculated from formulas (12) and (18). 


EXPERIMENTAL CHECK OF RESULTS 


Since relation (5) and the equivalent circuit in Figure 2, which are 
the basis of the analysis given here, were given as approximate, we per- 
formed an experimental check of the results. 

We measured the frequency 
dependence of input admittance of 
a stage in short-circuit operation 
and in loaded operation into a 
compensated input admittance in 
the same stage. The experiment 
was performed on ten specimen 
transistors of type P-15. 

The procedure described 
above was followed in calculating 
the elements of the compensating 
network for different values of /. 
In short-circuit operation as well 
as in load operation with a com- 
pensated input admittance excel- 
lent coincidence was obtained be- 
tween the experimental frequency 
characteristics of input admittance 
and those calculated from formula Figure 7 
(12). Measurements were per- 
formed up to frequencies exceeding 2fy. Departure of cutoff frequencies 
calculated from formula (19) from those obtained experimentally did not 
exceed 15%. Figure 7 shows the theoretical frequency characteristics 
(solid curves) of input admittance of one P-15 transistor having the follow- 


ing parameters: 


Ql ohm; <)== 0.216 - 10 ° see; 49+ - 0.98%, 


‘b= ; 
fo oo 2s 10° ohm ~!s jin — 9 NOP Gos: 


Measurements were performed under the following conditions: I, = 
=1ma, Ug=-5v. The small circles in the figure indicate experimental 
values of frequency response. It is seen from the curves in Figure 7 that 
the theoretical and experimental curves are in excellent agreement. 
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CONCLUSIONS 


1. The frequency dependence of input admittance of the transistor 
determines the voltage-amplification frequency characteristic of all stages 
of a multistage amplifier except the last. 

2. With appropriate choice of elements for the compensating network 
the input admittance may be made real and constant over a wide range of 
frequencies. 
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MATRIX PARAMETERS 
OF AN ARBITRARY NUMBER 
OF FOUR-TERMINAL NETWORKS IN CASCADE 


S. Yu. Epel’ baum 


The report derives an analytic representation of the matrix elements 
of the product of an arbitrary number of second-order square matrices in 
the form of homogeneous polynomials from elements of matrix cofactors 
and the function of their number. 


In the analysis and synthesis of linear and nonlinear electrical net- 
works there arises the problem of determining their matrix parameters 
[1]. An extremely broad class of complex circuits can be represented as 
the cascade connection of structurally simpler four-terminal networks or 
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of m-terminals so that its iterative matrix is equal to the product of the 
iterative matrices of a series of four-terminal networks or, in the general 
case, of m-terminals. However, an exhaustive study of them in such form 
is difficult due to the absence of a structurally simple analytic form expli- 
citly relating the elements of the matrix product with the elements of matrix 
cofactors. In order to obtain the product of a certain number of matrices 

a recursion formula is usually used, which permits us to obtain the required 
product only by means of a series of multiplications for two matrices at a 
time [2]. 

For example, if it is necessary to find the product of ten matrices, 
the product of two of them is obtained and this result is then multiplied by 
the third; the new result is multiplied by the fourth matrix, etc., until the 
entire series has been dealt with. 

The algorithms derived by a number of authors in obtaining products 
of a certain type of matrix are arrived at by this recurrent process and 
hence serve chiefly to facilitate and schematize the solution of particular 
problems [3, 4, 5]. The search for an analytical representation of a matrix 
product containing not only the general analytic form of matrix elements 
for any number thereof but also a certain function of the very number of 
matrix cofactors is intended to increase the possibility for mathematical 
investigations in network analysis, particularly by so effective a means 
as matrix analysis. Here there also arise new possibilities in the direc- 
tion of studying the relations between a number of four-terminal networks, 
for in this representation we have a function for the number of matrix 
models of these four-terminal networks. It also of interest to obtain 
infinite products which may serve as the basis for solution of a number of 
boundary problems. 

The present report gives an analytical representation of the product 
in the form of homogenoues polynomials for square matrix cofactors of 
second order with equal elements along the principal diagonal or along the, 
secondary diagonal. 

These results may be extended, for example, by means of the Laplace 
theorem or other method to the wider class of matrices from which a prod- 
uct is obtained. 

Assume that we are given the matrices 


P Nit) ( ay eS) (1) 
A, Ay 
where the superscript of the Aj matrix elements indicates that they belong ; 
to the i-th matrix, i=1, 2, 3,..., n; we shall also assume that with each i 
Ai, = Ay. (2) 
Let us designate 

[= |4.=4.424,--.4,! (3) 

r= 


‘The symbol [>| Ai represents the normal order of multiplication for 


i=l . . 
a product n of noncommutative matrices. 
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We shall represent each of the Aj matrices in the form 


ai, i, ~ a, 0 2 ai, (4) 
Eos [flies Ve ee \ tal rent loa a, 0 


Or, in virtue of (2), in the form 


a ip mp yn 0 a (5) 
i i il ai ) 
A, Agg a f 
120 
E= 2 6) 
wore! 


Then the product of (3) is represented as the product of binomials of 
the form of the right member of (5). Since matrix E is transposable with 
every matrix, @ 

I] ai 


nes pes 


where 


vel Lspy pp eee cpy om MEE: + OT gt ax 0 
‘ 
Here = represents the sum of all possible natural p;, po, Ps, 
l<p,~p2.--+ py <n 
-» P, lying within the mentioned limits and satisfying the inequality 
Prope oet: = pe (8) 


Let us discuss the product 


aq hs eat) 9 
Paley gry °) 


Two cases are possible: vis either an even natural number of an 
odd natural number. Let us discuss the matrix 


G=(" ok (10) 


It possesses the property that it interchanges rows upon multiplica- 
tion on its right and interchanges columns upon multiplication on its left. 


Morevoer, : i 
l \ 
earal CHRANC AUS DE te Ou 


Hence product (9) does not change if its elements are arbitrarily 
multiplied by G* “Let us group them in pairs if vis even and place the G? 
matrix between them. After multiplication of the first matrices of each pair 
by the G matrix on the right and of the second pairs by the G matrix on the 


left, which is permissible in view of the associative nature of multiplica- 
tion of matrices, we obtain 


Fal O a\ (a 0 \/ ah 0 ab Q 
ea ana) O ab }\ o eee TNE a a Ps ve 


P Po Py 
__ ( 93 OF -.- Ay 0 42) 
bie r By ke y 
0 aha... ay 


Ifvisodd, v- 1 is even and, hence, in accordance with (12), we obtain 
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— P. 

=|( On GV 0 GB: AP... Aye” 413) 
= a’ O tae Pp, : 
k=l 21 CIS BEE oo Old () 


From (12), (13) and (7), considering 


n 
AN kG 
= 1 Ate : 
A=| [A= ( i (14) 
il Ay, Ag. 
we obtain 
n . ) 
Au Il QT ae) NK 
i=1 P= 2a Mens Si atalino 
D 
n 
yon oe eet 
2 CREW ator: OS ae a 
In i 
Sue GHOGE I? 
n 
A IT aj, 
=> t i =) 
ve DA Ap Ao} a yh = 
Kol, 3, 0.0 7 Vea <in<... Sin ay) a3 ai 
ay 15 
I ai ini 
A ° r i e i 
=> t Ip o i= 
21 s y @), Aj) - + + 2," —“=___ 
K=1, 3,...57 [K<ii<is<... <ip<n a cite Bi aly 
n 
An = il aii+ > s Pi 
i=1 jaa Wesco EY DISSES pea ipsn 
n 
; : Tl ay ' 
Pees AE a 
ty pho [ 
Gy Sipe yy” j 
where 
= n, if nis even 
s Ee . . 
n—l, if nis odd 
: : (16) 
_ {2 ) aa ie ayen 
= 4 : 
{| an, ifn is odd 
Quotients of the form 
n n 
IT aj, IT aj, 
=I i=1 
E fie a ; ‘ i 
t 1 t t ‘a 
ayj ay, --- an ay} yh ee yh 


are essentially the product of all ane with the exception of those which corre- 
spond to numbers ij, ig, ..., ip (or ij, ip, ..., i, for the second quotient). 
Accordingly, they also may be obtained. In the case where 


Got (ba 1, fy. oe yf) 


(actually, any ladder network may be divided into the simplest four- 
terminal networks the iterative matrices of which possess this property), 
from (15) we find 
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BI] a) = ‘ i ) 
Ay, =1-> x ME all ages Sar 
y jive Bn ey eSot<thy tne in<n 
’ 4 Z i 
At > ; x ayy AY. » - Ay 
Kael, Astin Fo ch ller wei isn (17) 
Ay = > 3 ee ate 
RaaM 3s) cee: l<ij<is<.--<ipsn 
’ F . f 
Aso = 1 =- sy »} Gi dig. ae 
Hs, Ay eu S 1<ii<h<--.<ip<n ) 

Le 2, a Let us, for example, discuss the cir- 
SON ae ON cuit in Figure 1. Its iterative matrix A may 
ee tite be represented by the following product [1]: 

ys 3 Rey 
’ Lyi Ze idecOR 7 licen eda yha ce 
i Am (1) Ci) lo) Gra oe 
ere ee, ee 01 Poti 01 Poisson 
Figure 1 Here all aii = ado = 1 and hence for- 


mulas (17) are applicable. Since here n= 5, 
s=4andr=5., 

Thus, p= 2,4 and k=1, 3, 5. 

From the series 1, 2, 3, 4, 5 pairs of number i, i, satisfying in- 
equality i; < i, may be chosen by ten methods. Numbers i, ig, iz, ig 
satisfying the condition iy < ig <i; < iy may be chose by five methods. 
Similarly, we obtain the possible sequences for k=1, 3, 5. For con- 
venience in calculation, the derived sequences are listed in Table 1. 

In virture of this the second parts of the expressions for Aj; and Ag» 
contain 15 terms and A;,and Ay; contain up to 16 terms. Performing the 
indicated operations, consisting of uniform multiplication of pairs, quad- 
ruplets, triplets, quintuplets of elements aj, and ag; or ay and aj. of 
the corresponding matrices (the required numbers are indicated by 
written Sequences), we find 


Ay =1- LY 9 Li) qe Z,Y,- Z,¥223¥, 


Ay=2Z, F Z3- Z;- 2, YZ, : ZY 22, : ZZ, : ZY 2; | 
+ Z,¥o23Y 52; | ‘ (19) 
’ 


Ag = V2 - Vy Yod3¥y 
Ag = | ‘i YZ; : Y.Z; : YZ, ; Y.Z;Y,Z; 


This coincides with the result obtained for the discussed circuit by 
direct multiplication of matrices. 


Now let us examine the product of matrices 


bie ble 
Table sil B= ; sath (20) 
‘Seq | Summation indices het 2Y amet 
| NO.j.p:s2)| p=4 | pet k=-3 | b= possessing the property bis = bi 
| | 
Neen lorie Dhl] 234 l 123 |12345 (cel ee een) 8 (21) 
le ee 13° | 1235 2 124 ‘ i i 
Sie ba ap 1245) pass 125 wherein elements bj; and by, may be 
: : ba 2 ee | any elements. Since, on the other 
6) 24 | 145 hand, the required result is contained 
7 | 25 wt in (15) or (17), we may consider bj; # 
3 | 38 245 bg. Moreover, it may be obtained 
10 | 45 | | 345 independently even in slightly different 


pil, eee! form, since in the case by, = by) and 
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i i : A 3 
by. = bj, each of the discussed matrices is similar to its diagonal matrix 
with one and the same similarity matrix 


z= (ee) 22 


As a result of this the product of the matrix is represented in the 
form 


(Cl (23) 
where C is the diagonal matrix [2]. 8 
In order to find the product B = A Bi, 
t= 


where B; possesses property (21), we may use the same method as used in 
finding relation (12). Let nbe even. Then 


Pee ce ey OTL (a cap ni is ie wallets 
by Od 1 0 by Oxy, by) Ost) AL OF \ of, bs 
Re Bin Oi1\ [Oy bby’ = ts birt (ie bby 
Bhy by, bf, bi, bp) by") \ Of, Ot 


| (24) 
\ ) 

Now, in accordance with (21), the elements of the principal diagonal 
are equal and we may use the previous result of (15). Thus, in order to 
obtain B it is sufficient in (15) to replace a}, by elements bj, (or bj, ) and to 
replace elements aj, and aji by elements b;, and by), respectively, or by 
elements by. and b;j,, respectively, depending on whether ij; is odd or even. 

The latter fact may be written, for example, in the following manner. 
We will consider that 


25) 
/ Po OME i; is even es} 
and introduce the operation of division of the subscripts of the matrix 
elements 
if F | boo, if k; =] 
22 2 J bon, if k; = 0 
and multiplication of subscripts 
~ Db, if k;=1 j 
i. of by, if k,=0 
Then, if we designate 
Ba ( 7 ays (26) 
Bo, Boo 


then with n even 


(=! p==2 Se ety Shs. <ipen 
Ud - 
i 
. HI 6 
bf, b! TE (2) weet 
yy - NC) gee ; 
# by by be 
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K=1, 3 Pr Lethe pen 
n ° 
! 
; IT 64, 
4 f=) 
BD OF sp ho Oh oe 
2m a bib bib ---bi5 
Bo, = > 
21 j 
K=I,3 r l<ij<in<-..<ten 
bd . 
t 
; TI 64) (27) 
bit ox, OS Lae oe i=1 — 
ee = bs 
bys by + O45 
n 
; X vy 
Boo = [] bis MS OS 
rr cy 
{==1 p=2, 4, <-208 M<ii<i<...<d,<n 
B . 
i 
; : Il 4, 
“Ow be - - be yea Le AE 
"oie ty opi , 
Qk: TF by by, <rc0 FE 


In accordance with (16), here s=n, r=n-1. Let n be odd; then n-1 
is even and hence, in accordance with (24), we obtain 


: b} 6} b2 62, / br-! 62-1 be br 
a =e One fl aotn (ules Basle ‘). (28) 
1 0 Py Bay Oi On) bit bir | \ b> On 
But the right member of (28) possesses the same property as (24) and 
its left member differs from (26) only in the transposition of columns. 
Consequently, when n is odd (keeping the notation of (26) for this case as 


well) we obtain 


n / 
; I] 6, 
; i —_ 
Bie De y OOD TON. hile Paste ce eee 
k=l, 3,...,7 MSiich<...<ipcn OX aXe rh 63 ++ bs 
n 
— i 
By, =| ] 6,4 2 » 
i=1 p=25 Ajsora S Leiety seoSt sn 
ud . 
t 
. TI 64, 
dee cal yh ee 
ee 2 eli j 
9K) bi) 633 a ns , 
, (29) 
B,=[]o+ > ‘ 
i=l poe. tikes a Usticdeets -<ip<n 
n 
TT $2 
i te ‘ a 
od bi ox, WE oo be ER 2 
peat — : : i 
a oh ha 
n a 
Il 6 
, c ey 
B 2, + al <oVAR FAL pix 1 
2 ae dma 6? gH eRe Tg” MC 
Kal, 3, 0.047 ISiich<..cicn OK) bf) bi, +. big 


In accordance with (16), here s = n-1 and r=n, 

Thus, the right members of (27) and (29) coincide as forms and with 
(15) and differ only in the values of s and r and transposition of the matrix 
parameters defined by them. The derived relationships are applicable to 
a wide class of problems, particularly for reversible and irreversible 
four-terminal networks, for in deriving them we have assumed no relation- 
ship between aj, and aj; in formulas (15) and (17) and between bi, and bip 
in formulas (27) and (29). 

In addition to this, as we have already mentioned, there is the pos- 
sibility of analytical solution of a number of boundary problems which may 
be formulated in terms of an infinite product of matrices, using for this 
purpose the general functional mode of the derived forms. 

The latter are included in a number of results obtained, for example, 
by the authors of [3, 4, 5]. 
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PROCEDURE FOR SELECTING PAIRS 
FOR HIGH-FREQUENCY MULTIPLEXING 
OF URBAN TELEPHONE CABLES 


S.M. Vernik and N.D. Kurbatov 


The report presents the results of an investigation into the problem 
of selecting pairs for high-frequency multiplexing in existing cables of 
urban telephone systems. On the basis of theoretical and experimental 
investigations a procedure is recommended for selection of pairs. 
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In recent years in order to decrease the cost of construction and 
operation of urban telephone systems, high-frequency multiplex apparatus 
has been introduced. In particular, apparatus of type KRR-30/60 with a 
frequency band of up to 552 ke permits 30 telephone channels to be obtained 
from a single network. It is also used for multiplexing of cable trunks. 

Without discussing the technical-economic usefulness of this equip- 
ment, which should be the subject of a separate investigation, we shall con- 
sider one of the most important problems associated with the use of exist- 
ing urban cables for operation of high-frequency multiplex equipment. 

The chief difficulty in using existing urban cables for high-frequency 
multiplexing is the inadequate protection of circuits against interchannel 
interference, which limits multiplexing in the given frequency range to 
only part of the circuits, which circuits must be chosen beforehand. At 
first it would appear that selection of pairs for high-frequency multiplex- 
ing may be made by the usual measurement of interference immunity of 
circuits in the required frequency range, with subsequent selection of those 
pairs which satisfy the norm. Such procedure is suitable for a relatively 
low cable capacity. An increase in capacity necessitates a large number 
of measurement operations, which cannot be achieved in practice. Thus, 
in order to determine intercircuit noise immunity in an n-pair cable it is 
necessary to perform 


Ww — 2e—)) (1) 
2 


measurements, andinorder to determine the possibility of multiplexing 
m-pairs of the cable it is necessary to analyze 


bcm (2) 


possible combinations of these pairs from the standpoint of mutual inter- 
ference. For example, in a TG (urban) 100 x 2 cable it is necessary to 

perform 4950 measurements, and for selection of 10 pairs for high-fre- 
quency multiplex it is necessary to analyze 2-10'! combinations of pairs. 

Finally, expansion of urban telephone systems is always associated 
with some reconstruction. In this case the preliminary measurement of 
noise immunity may prove to be impossible due to a lack of existing cable 
sections. At the same time preliminary estimation of the probable number 
of circuits suitable for multiplexing is required in the planning stage. 

Thus, a procedure for selecting those circuits in urban cables which 
are Suitable for multiplexing must permit solution of the following problems: 

1. Preliminary estimation of the number of circuits which may be 
multiplexed in a cable of known capacity and given frequency range. 

2. Practical limitation of the number of measurements in urban 
cables depending on the number of communications channels. 

3. Evaluation of the chosen circuit combinations for multiplexing. 

As a general criterion in evaluating urban telephone cables we could 
take the ratio M/N, where M is the number of combinations of interference 
between which the immunity satisfies the given norm, and N is the total 
number of possible combinations of intercircuit effects in the cable, thatis, 


M 
(P= ee 
rr (3) 
However, this criterion, while permitting evaluation of a cable from 


the standpoint of the possibility of multiplexing in the most general form, 
is hardly suitable for our purposes. 


Investigations of urban telephone cables over a wide range of 
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Table 1 


With norm of | With norm of 
7.25 nep Ber 8.0 nep per 
( 500 m (in %) | 500 m (in %) 
p00 ke | 600 ke}300 ke |600 ke 
Adjacent. . | | rises lt 


Circuit Arrangement 


ee eee ele 1 ie te le) iipy ~E | | 
Every other pair ....., 90 39 at | 
Vem Second pairs a 95 60 sf 34 
ae, LOL pal ee ae, 98 4] av s 
Every fourthipdin: Siaes (2. 100 | 98 =| 100 79 
airs of adjacent lays ... | ite 75 
Paice S laycapart = 5 fm ce 100 | 94 90 63 


Table 2 
Cire nik oe norm of 6.7 nepers per 4.1 km (in %) | 
Arrangement | 60 ke | 150 ke 250 kc 350 ke 400 ke 600 ke 
——— — | 
PACTAC Cite aeteee | 93 76 55 ede 

Every other pair o4 3 | 7 | tO 3 «| 40 | 
Every second pair 6 Tt ee Se ee 53 50 | 
Every third pair 98 Or We pee 1 6G 5 oe be ea 

Every fourth pair | 100 96 | 85 66 eet et 
Every fifth pair = 100 98 | 85 | 66 or ery 

74 


Adjacent lays ; 100 98 93 | 8 80 


frequencies show that the amount of immunity, all other conditions being 
equal, depends on the relative arrangement of the circuits in the cable. 
By way of example Tables 1 and 2 list the numbers of circuit combinations 
satisfying assigned values of immunity at the far end in test cables of type 
TG 50 X 2 X 0.5 with length of 500 m and of type TG 200 X 2 x 0.5 with 
length of 4 km. The data are listed by frequencwand relative arrange- 
ment of circuits. All cable circuits may be divided into the following 
approximately identical immunity groups: group 1, adjacent pairs; group 
2, every other pair; group 3, every second pair; etc. 

Pairs in adjacent lays, every other lay or every several lays may be 
related to corresponding groups of approximately identical immunity. For 
example, pairs in adjacent lays in a 50 X 2 X 0.5 cable belong to groups 3 
and 4, pairs in every other lay belong to groups 4 and 5, pairs in adjacent 
lays in 200 X 2X 0.5 cable belong to group 6, etc. 

It must be kept in mind that all numerical data in this report are 
approximate and are given only to explain the procedure for selection of 
pairs for high-frequency multiplexing. For other cable legnths other 
immunity norms will be obtained as well as other data on the number of 
pairs suitable for multiplexing. In design practice it is necessary to use 
the cumulative results of measurements performed in research and indus- 
trial laboratories. In addition to the value of immunity at the far end B,, 
the near-end crosstalk attenuation Bo is of great importance. Hence, 
selection of pairs must be made with consideration of Bp, which has a 
similar criterion of evaluation. 

Each group is evaluated in terms of its criterion of degree of circuit 
utilization, which we shall hereafter refer to as the “criterion” and 


designate 
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ret (4) 


where Ny = ae Ce) is the number of possible combinations of influences 


from circuits of the v-th group; My is the number of combination of Ny 
satisfying the given norm of immunity; ny is the number of pairs of the 
cable of the v-th group. 

Dependence of the number of circuits (ny) on the group number is 
defined by the following relation: 


: 1 
a y a (3) 
v a+] 
l=n, 


Here qj is the number of circuits in the i-th lay of cable and (uo - 1) 
is the highest maximum number of lay excluded from the sum, which is 
defined by the inequality 
Fo) we Das (6) 

vu 


a is the number of intermediate lays forming the equivalent system 
with the given group of immunity; 


P= Wy 0g Fa: Op 2 (1 Gy). Cleese 


q;/v is rounded off to the nearest lower integer. 

The necessity for eliminating from sum (5) lays for which inequality 
(6) is satisfied is evident and is determined by the fact that increasing the 
number of intermediate pairs is possible only as long as this number is 
not greater than half the number of pairs in the lay. 

The group number must be chosen on the basis of the specific con- 
ditions of the problem with consideration of the dependence of the number 
of circuits n,, criterion Py and the number of measurements Wy on the 
group number, and also with consideration of the number of circuits which 
must be multiplexed. 

The number of possible variants of multiplexed circuits my of the 
v-th group is 

atl By 
if - fy . mj 
) ap a I] 1g Cyee 


f=P vy 


(7) 
1=1 
Here [oy is the smallest number of lays for the v-th group of circuits 


with the y-th variant of cable pair selection and My is the greatest number 
of lays for the same variant: 


P= Yon Bo, + 1 +a, v 


0x os 2(1 a a), 
6a, -— o(ny — 1) (8) 


nj is the number of pairs in the i-th lay, nyj is the number of pairs 
in the same lay entering into the v-th group and Chyy! is the number of com- 
binations of the nyj pairs of the v-th group of the i-th lay with the y-th 
variant of selection of lays from myj (the number of multiplexed circuits 
in this same lay). ae 

In the case in which my = ny the quantity Chy= 1 and expression (7) 
yields the number of possible variants for forming the v-th group. 

Knowing the number of circuits in the group (ny) and the criterion for 
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their immunity (Py), we may determine the average number of methods of 
forming a system (ky) of multiplexed circuits 
Ke es 


CRG 


CT ale Ny 


Zamna (9 


(E N, 
1 
where Ky = 2 ky(ky - 1) is the number of combinations of influence of 


multiplexed ky circuits; Ny and My are the same as in expression (4). 
At large values of ny and ky expression (9) becomes extremely 
complex for calculation. 
Using the Stirling formula for factorials of large numbers, we may 
present Zk in the following form: 
n, N.-K,, M., 
Pe aide afk oe alles 


LP n.—K , 
Ke) 8 “ 


a ee (10 
nie (My = kgs ) 


When Ky” My we have 
ee Pee, . (11) 


Ky “(ty —k) gee 


Given the average number of methods of forming multiplexed pairs 
in a given combination of circuits (Z;), from Equations (10) and (11) we 
may determine the value of ky. 

In order to avoid an increase in the number of measurements and 
facilitate selection of a system of multiplexed circuits it is naturally 
assumed that Z,=1. This means that in any chosen combination of cir- 
cuits of the v-th group we may form, as it were, a single system of ky 
multiplexed circuits. If Z~< 1, then ky multiplexed circuits will not exist 
in all combinations of circuits of the v-th group. 

As calculations have shown, ky increases somewhat slowly with a 
decrease in Zx. Hence, the choice of small values is not convenient since 
it leads to a Sharp increase in the number of required measurements and 
the time required to find suitable combinations while the accompanying 
increase in the number of multiplexed circuits will be insignificant. Hence, 
- it is convenient to assume Z,,=1. In order to facilitate calculation Fig- 
ure 1 shows the dependence of the number of multiplexed circuits (Ky) on 
the number of circuits in a group (ny) with different criteria (Py) for Z, = 
= 1; this plot is based on formulas (10) 
and (11). he SE EI Bea 

Using the curves in Figure 1 and 
the data in Table 2, we may easily 
_ estimate the possible number of multi- 

plexed circuits in a cable without per- 
' forming measurements; that is, we 
may solve the first of our problems. 
The procedure for evaluating the chosen 
circuit combinations is also evident if 
they belong to one group (Vv). 

If the circuits used for multi- 
plexing belong to different groups (v), 
in order to evaluate the chosen com- 


3s 


@ 
S 


No. of multiplexed circuits 


: 0 000 Sk 
bination with the number of multiplexed NMomucE eieeuita in group 
circuits k it is necessary to calculate : 
ny, to determine the value of ky for Figure 1 
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different multiplex groups (v) from the data of Table 2 and the curves in 
Figure 1, and to compare them with k. If ky <k at all v, then the multiplex 
variant may be considered acceptable; if at any value of v ky>k, the cir- 
cuit multiplex system must be revised. 

In practice local trunk lines may pass through cables of different 
capacity. In this case the number of multiplexed circuits as well as evalua- 
tion of the chosen variant of cable multiplex must be determined on the 
basis of the cable of least capacity. 

For illustration let us present an example of selection of a multiplex 
system for a 100-pair cable, the immunity criteria of which are character- 
ized by the data in Table 2. We shall assume that multiplexing of the 
cable may be performed with three types of apparatus: type I, up to 150 
ke (5 channels); type II, 350 ke (15 channels); type II, up to 550 ke (30 
channels), 

Results of the calculation are listed in Table 3. 


Table 3 
Q, | No. ‘Frequency 150 ke |Frequency 350 ke | Frequency 550 ke 
3 \circuits © is a aa 
OS | in group e | No. of x, No. of k. No. of 
oo} | Dy “| channels : channels | channels 
| 

1 | 100 | 18 | 90 7h 105 4 120 

PA 5l 24 120 10 150 6 180 

3 | 31 19 | 85 9 135 7 210 
| 4 D5 mended £20: Meretil 00 9 135 6 180 

Hy 19 18 | 90 hi 105 6 180 

6 LL ead mS das 75 6 90 5 150 


As is seen from Table 3, the greatest number of channels is obtained 
with multiplexing up to 550 ke of group-3 circuits (every second pair). 
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NEGATIVE FEEDBACK IN TRANSISTORIZED 
TELEPHONE AMPLIFIERS 


G. Zinnraykh and D. Albyanu 


The report examines several negative-feedback circuits and design 
methods for feedback amplifiers. The efficiencies of several simple feed- 
back networks are analyzed. It is shown that excellent results may be 
obtained by using bridge circuits in the feedback network. These bridge 
circuits have the form of transformer-coupled bridge circuits for group 
high-frequency amplifiers. Examples of design calculations are given. 


INTRODUCTION 


Due to the presence of a large number of amplifiers and passive cir- 
cuits (filters, equalizers, etc.) connected in series in a communications 
lines, extremely rigid requirements are specified for the characteristics 
of eachelement, which requirements must be maintained within strict limits 
over long periods of time. Moreover, itisdesirable to obtain required 
electrical characteristics in the process of production only by the match- 
ing of RL and C in adjacent elements without individual adjustments. 

Ifa transistor is a high-frequency unit and has sufficient gain, thenall 
deviations in its small-signal parameters from one specimen to another and 
deviations due to change in operating conditions may prove to lie within permis- 
sible limits when feedbackis employed. On the other hand, heavy negative feed- 
backis obligatory for group amplifiers in order to reduce nonlinear crosstalk. 

The present report discusses the most effective feedback. It is 
assumed that the cutoff frequency of the transistor is greater than the 
maximum frequency of the amplifier. 

Our discussion will be based ona grounded-emitter circuit, sinceina 
periodic amplifiers this configuration is used almost exclusively. Stages with 
grounded-base configuration provide extremely small gain, which limits the 
possible application of negative feedback in single-stage amplifiers. In multi- 
stage amplifiers grounded-base configurations usually require the use of inter- 
stage transformers, whichcause serious difficulties in securing amplifier 
stability with over-all feedback. Nevertheless, the use of circuits with grounded 
base is permissible in high-frequency output stages of certain power amplifiers. 


SMALL-SIGNAL TRANSISTOR PARAMETERS 


With grounded emitters, the output impedance 1/hy, is considerably 
greater than the usual impedances of circuits. In this case the transistor 
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in the output section will be a current generator. The value of internal 
feedback hy, may also be disregarded. Thus, behavior of the transistor 
is determined with sufficient accuracy by two small-signal parameters [I]. 

It is of considerable convenience that these two parameters may be 
so chosen that one of them varies chiefly with the particular specimen of 
transistor and the other depends chiefly on operating conditions. Hence, 
it is possible to distinguish the effect of changes in operating conditions 
from changes caused by a difference in specimen. 

The first of these parameters in the grounded-emitter configuration 
is the short-circuit current gain 8. The value of 8 shows an insignificant 
increase with collector voltage and is slightly dependent on collector cur- 
rent. Unfortunately there is an extremely wide spread in f for different 
types of transistors. 

Frequency dependence of 8 up to cutoff frequency is defined with 
sufficient accuracy by the formula 


B(f)= —_, (1) 
1+ j Z 
fy 
where fg is the cutoff frequency in a short-circuited grounded-emitter con- 
figuration. 


The second parameter is the transconductance 


di, ( 2) 
oUBe | %o’ 


which is slightly less than the intrinsic conductance Spo of the transistor 
Se, 
pei Se (3) 


In equality (3) Ig is the collector current and U7 is the temperature 
potential. For germanium 


where k is Boltzmann’s constant, e is the elementary charge and T is 
absolute temperature. 

The usefulness of transconductance as a transistor parameter is 
due, among other reasons [2, 3], to the fact that it depends chiefly on 
natural constants and operating conditions and is relatively independent 
of the transistor specimen. For collector currents between 0.5 and 5 ma, 
changes in S (closely approximating changes in Sg) are linearly dependent 
on collector current and inversely proportional to absolute temperature. 

For germanium junction transistors 


S = 28 to 34 ma/v for-I,p=l1ma at 25°C. 


The cutoff frequency for S is considerably higher than i.) and is 
slightly lower than the short-circuit current cutoff in the grounded-base 
configuration. In the first approximation S may be considered to be 
independent of frequency [2]. 

The equivalent circuit for the grounded emitter is shown in Figure 1 
along with the current-flow diagram. 

Input impedance is defined by the formula 

Z,=-1 2b (4) 


fy ty S 
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Figure 1 


and depends on the transistor specimen and operating conditions. The 
ratio B/S is identical with hy, and may be uSed in its stead in order to 
facilitate certain current-flow calculations and to permit the use of only 
two parameters. 


SIMPLE FEEDBACK CIRCUITS 


By the use of simple feedback circuits certain amplifier parameters 
may be stabilized, cutoff frequency may be increased and transistor imped- 
ances may be varied. Below we present descriptions of several of the most 
widely used circuits. 


Figure 2 


Series-Series Resistance-Coupled Feedback. Resistor Rg is con- 
nected in series with the emitter. The equivalent circuit and current-flow 
diagram are shown in Figure 2. 

In this case there is a return difference of 1 + SRg for S. For this 
reason the circuit parameters are stabilized against changes in operating 
conditions (supply voltages, temperature). 

The voltage amplification decreases from Sry, to 


1+ Sr, (1 + ay a S 


The input impedance increases to 


Z-bsrorn~Liu+sr,y - 


The current gain does not change and the output impedance (not 
included in the present calculation) increases considerably. 
From the above considerations it follows that series-series feedback 
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does not effectively stabilize circuit parameters against departures in B 
for different transistors and does not increase the cutoff frequency of the 
amplifier stage. Series-series feedback is efficient if there is at the input 
a voltage generator with internal resistance rg less than B/S, since with 
large iB the device operates as a current amplifier. 

‘a 


connected between base and collector (Figure 3). From the diagram in 
16 
Figure 3b it is seen that maximum loop current gain will be Be 
p 


Figure 3 


Current gain decreases from £ to 
2 . 3 
ae ea as ae Bo (7) 
Pra etal) ie 
. Rp  SRp Rp 


Output impedance may be calculated by taking iy as the modal point 
(Figure 3b) and joining ij and uy through branch 1/rg. The output imped- 
ance decreases to a finite value 


8 l ( 
lek bie ( AS 
The input impedance decreases also 
pete 
+ — 
Zinc ss fA bes, hen 8 (9) 
ik He (a tie 2 ae 
+ (3 eh: +8 Rp 
Voltage gain changes but slightly 
rae fan paaRe 
a i Zi = Tr, = Sr, (10) 
ar aS 


and for aj and for ay the forward transfer through Rp is evident. 
In connection with the fact that the loop gain is defined by pe excel- 


lent stabilization is achieved, compensating for spread inf, and ‘ue cutoff 
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. . r 
frequency is increased by approximately ae times. However, the circuit 


remains sensitive to changes in operating Bonaicione. 
Parallel-parallel feedback is effective for r,.> B/S. 
Combined Series- Parallel Resistance-Coupled Feedback. The advan- 


tages of both the above systems may be obtained by simultaneous use of 
both types of feedback: the one being effective for S and the other for B 


(Figure 4). 


EAS 


The circuit parameters are given in the following formulas: 
) 
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tae ett ao (— > 
SRs (1+ nit (a) An 
Ia (sae) |S HGR te eesRe) 
ep rg Rp eg us S i ae 7 S 
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In order to obtain effective combined feedback rg must be of the same 


order of magnitude as B/S. 
We shall illustrate this by a specific example. Assume that we have 
a P13 transistor with 8 = 40 at a DC operating point where Ig = 3 ma, and 
U.=5 v, and fg = 30 ke. 
In accordance with formula (3) S = 90 ma/v. Generator and load both 
have ry. = ry, = 600 ohms. Without feedback the amplifier will have the 


following parameters: 


ay 


=90 - 107° - 600= 54; a, -40; Zj== ——— = 444 ohms, 
90 - ; 
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For purposes of stabilization by means of Rg = 33 ohms and ra =8 


kilohms let us introduce feedback with loop gain of SRg = 3 and p¥ =3. 
Rp 
The feedback-stabilized parameters are: 
a, = 9.23; a, == 12.2; Z; = 452ohms; Zy = 780ohms; fmax ~ 120 ke . 


Satisfactory stabilization of the circuit is achieved but power gain is 
considerably decreased due to reflection losses at input and output. Never- 
theless, the circuit is of practical interest for RC-coupled amplifiers owing 
to its simplicity and the small number of circuit elements (Figure 5). 

Resistors R; and Ry, are used for biasing 
and result in attenuation of signal. In design 
calculations they must be included in ro and Rj, 
respectively. The circuit may be designed with 
adequate temperature stabilization and affords 
a saving of an electrolytic capacitor in the emit- 
ter circuit. g 

Series-Parallel Transformer-Coupled 
Feedback. In addition to providing maximum 
undistorted output level, the use of an output 
transformer permits increasing input imped- Figure 5 
ance and decreasing output impedance (Figure 6). 

The simplified h matrix of the transistor is 


ey ( 
hp=| S (12) 
8 0 


and of an ideal transformer 


_f[0 —a 
=| o : | (13) 


The series coupling of transistor and transformer at the input and 
their parallel coupling at the output permit us to construct the correspond- 
ing h matrices {4]. 

The resulting matrix has the 
determinant Tr 

Ah = nB (14) sf 
and permits us to calculate the cir- 
cuit parameters 


Sr; 


) 
Ci nal BO ar A | P 
prac ae (" 


a;=pP, CSPee eRe 
tel s ng Ss Zi 


Figure 6 
By the use of a third winding the 


input impedance may be increased to 

a value of the order of several kilohms and the output impedance decreased 
to several tens of ohms in order to match the load with the transistor param- 
eters at a given DC operating point. Bandwidth limitations of the ampli- 
fier are usually determined by the transformer. 
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SINGLE-STAGE FEEDBACK AMPLIFIERS 


The above feedback circuits have the advantage of simplicity. How- 
ever, they do not permit satisfactory stabilization of gain without a signifi- 
cant reduction therein and cause mismatch of signal loss at the resistors. 

In certain practical cases the input impedance Zj and output impedance Zo 
do not lend themselves to control. For example, if an amplifier and filter 
network operate in combination, even at minimum mismatch there may 
occur undesirable distortion of frequency response. Extremely good results 
are obtained if feedback is achieved by means of two transformer-coupled 
differentiators connected as shown in Figure 7. 


Figure 7 


The voltage gain in the presence of feedback is 
py MaealionS fol oc (16) 
1+7 
In formula (16) TBA and Tah are the voltage transfer coefficients of 
the differentiator transformers at points a-b and B-A, respectively, and 


PST sTxSRe (17) 


defines the gain in the feedback circuit. 
Calculation of gain and impedance is not difficult if the following con- 
ditions are satisfied in both transformers (Figure 7b): 


ie Vand ee (18) 


ro no ry nyng 


In this case all four impedances at the transformers are matched 
and the loop transfer coefficient is independent of generator or load imped- 
ance. 

It is known [5] that for a circuit such as that shown in Figure 7 a 
change in amplifier impedance with matching at points b or B creates at 
points a or A, respectively, a reflection with a coefficient 1+ T times less 
than at b or B. Hence, output transformer calculations must consider that 
the output transistor is to be loaded at point B by a resistance Rp. In this 
case the output impedance Zp at A is equal to rf. 

Without feedback and without resistance Rp the reflection coefficient 


at A will be 


, r, — Zo 
= <a Ihe (19) 
fy + Zo 
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With feedback the output impedance is Zo and the reflection coeffi- 
cient will be 
FZ 1 
bee 


a en ee oe 2a 


Po= 


Due to the fact that the output resistance of the transistor is greater 
than Rp, the output impedance of a feedback amplifier will lie within limits 
determined by rj,. They may be found from expression (20): 


ry Sky cir, te. (21) 


Such problems do not arise in the case of the input transformer, 
since it is loaded by a matched impedance B/S’. 

Due to balancing of the input transformer the forward transfer is 
zero and the sensitivity is equal to the feedback factor 1+ T. 


Vs= ——S————— ' 
ie a g V = NIC SR Ve Ri 
bape a, = Ae TA 20 R3 Ri+ Ro 


r3 = 6/S 1+ SR y/ ry- "ry a 
soe Ie Ri + Ry R3 
1B erent £2 | pps 
T=SR ee = 
3 Rit Re i a) 
Ry = yf Ra 
Ss R3r3 


rn=7 
R ®. | 
3= fr ————- Se 
an S(Ri —R / Rs V Rio De | 
rip Ss. ) eae ) Pt eee — ——— ——— 
ay = Ings Ry r3 rtre 
Rian Y=SR , 
T = SR, 
‘b) 
f le = 
ion 2+ SR 
SS Py eZee ry eA 


Figure 8 
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Circuit stability is easily secured despite the fact that the feedback 
loop contains three high-frequency phase-shifting elements (two trans- 
formers and a transistor) having for cutoff frequency the slope of the char- 
acteristic at 0.7 nep/oct. 

If all three elements have the same cutoff frequency, the critical 
loop gain will be Tey = 8 [6]. If the cutoff frequency varies, Tg; may be 
greater than 8. For purposes of gain and impedance stabilization in most 
cases a loop gain of 6-7 will suffice. 

Figure 8 shows two circuits with design formulas in which transformer 
losses are not taken into account. 

For gain control over a range greater than 1 neper without significant 
change in impedance, series resistor R may be introduced into the circuit. 
Such an amplifier may effectively compensate for loss introduced by filters 
in vicinity of the cutoff frequency if tunable circuits are connected in parallel 
with resistor R. 

For illustration of the properties of an amplifier of this type we pre- 
sent below a numerical example obtained from calculation of an amplifier 
for an individual channel. 

The transistors used are of type P13 with B = 40 and S = 120 at an 
operating point of U;.=10 vy andIe=5 ma. The generator and load have 
Yg = rj, = 600 ohms. We also take T= 6, 

In order to obtain maximum undistorted output power it is necessary 
that Ry = Uc/Ie = 2 kilohms. For the circuit in Figure 8 we obtain Ry = 50 
ohms and ay = 12.75. The efficiency of the output circuit is high; 


i) =: ie maf i = 0.95: 
R 


1 


The collector dissipation is assumed to be 50 mw. With collector 
circuit efficiency of 0.35 and transformer efficiency 0.95 the output power 
will be 24.2 mw (41.6 nep). Output impedance will lie within 600 to 600 
(2+ 6)/6 = 800 ohms. All variations in circuit parameters are decreased 
by 1+ T =7 times. 


MULTISTAGE FEEDBACK AMPLIFIERS 


Permissible nonlinear distortion for multistage RF amplifiers is 
extremely small. 

Small nonlinear distortion may be obtained in push-pull power ampli- 
fiers with common-base transistors. However, due to bandwidth limita- 
tions introduced by the coupling transformers and power transistors, only 
a relatively small amount of feedback may be used, which will be inade- 
quate for stabilization of gain and input resistances. For this reason it is 
advisable to use low-power and high-frequency transistors with RC coupling 
and with high gain in the over-all feedback loop. With consideration of 
individual feedback for the output transformer we may obtain a return dif- 
ference of 4-6 nepers. It is evident that such heavy feedback will ensure 
excellent stabilization of parameters. [If in all stages of an amplifier with 
RC coupling, identical transistors with grounded emitter are used, the 
cutoff frequency will be cbse to frequency fg. Maximum loop gain is 
determined from the ratio of fg to the upper frequency limit of the pass- 
band. 

Diffused-junction transistors currently in production (type P403) 
provide wholly satisfactory results but have low output power. 

In many cases it is necessary that the loop gain and stability be 
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independent of the input and 
output circuits. In such cases 
it is convenient to use in the 
feedback circuits at the input 
and output of the amplifier two 
wideband resistance bridges Figure 9 

(Figure 9). The generator and 

load are connected to balanced transformers having a common ground point. 

In addition to the above properties, the output bridge contributes to 
output power efficiency and the input bridge ensures a minimum noise 
figure from the input stage. 

For illustration we present below several characteristics of an 
experimental group amplifier using P403 transistors and operating in the 
bandwidth of 4-32 ke (for a three-channel high-frequency system of over- 
head lines). 

Calculation of Output Stage. If the loop gain must not be load-depen- 
dent and if no signal power must be dissipated in resistor R, (Figure 10), 
the following two balance conditions must be observed in the output bridge 


Ri Ry = R3Ry = RsR5. (22) 


The output impedance of transistor T; is matched with R; by applica- 
tion of local feedback through Rg and Rp, which also decreases distortion. 
Upon closing the overall feedback loop the impedance will be 

age fo 23 
Zant Ri (23) 

If the conditions in (22) are fulfilled, the voltage transfer constant 
from the output transistor to the output of bridge Ts; and to the points of 
application of feedback network T,; have the following relation: 


Tx + Tg = 1. (24) 


Taking T;; = 0.95 and the insertion losses of the output bridge in the 
feedback circuit Tg; = 1/20, we obtain an efficiency of up to 90%. 

For a P403 transistor the maximum rated values are -U, = 10 vl 
and I.=10ma. Hence, R, is equal to 1 kilohm. The maximum undistorted 
power level is +1.72 nepers. 


Figure 10 


' According to the new technical specifications the maximum permis- 
sible collector voltage of a P403 transistor is -10 v. Hence, the voltage 
at the operating point may not be taken greater than 5 v. 
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For DC operating-point stabilization, a bias circuit is used which 
embraces transistors T, and Ts in a negative DC feedback loop. Capacitor 
C; balances the output capacitance of the stage, 

Input Stage. The input bridge provides for matching of the internal 
resistance of the generator and the input resistance of the amplifier and, 
moreover, permits independent connection of the feedback circuit. 

It has been established [7] that the minimum noise factor for a circuit 
with grounded emitter may be obtained if the generator is matched with the 
ae impedance of the transistor. The input bridge meets these require- 
ments. 


C 
ie a a) R+Ry° 
Sal KY Repth, Oe 


b) L=16L 


h- L- © 
tS KK ) R, 
Cy! C(R+R, =) 


Figure 11 


Amplifier Stability. The feedback loop includes five stages using 

' P403 transistors with common-emitter configuration (similar to Figure 5) 
with RC coupling and two bridges (input and output) based on active resis- 
_ tances, 

The bandwidth of the amplifier is almost 1.5 Mc. Amplifier stability 
is secured by the same means as in vacuum-tube amplifiers. 

In the low-frequency cutoff region the slope of the characteristic of 
0.7 nep/oct is achieved by means of choke S (Figure 10) and additional 
slope at 0.35 nep/oct up to 1.61 nepers is achieved by means of the RC 
. circuit shown in Figure 11a. 

The high-frequency region of the characteristic is formed by an 
optimum gain mesh [5] (Figure 11b). This mesh has constant impedance 
in the operating bandwidth and is effective only on the condition that R,+ 
+R, >Ro. Thus, the insertion loss of the circuit exceeds 0.8 nep. The 
optimum gain mesh includes a high-frequency RC circuit which ensures a 
slope of the characteristic of 0.35 nep/oct (Figure 11c). 

The resulting frequency response of the feedback loop shown in Figure 12 
is in excellent agreement with the measured values in the frequency range from 
1to100ke. At frequencies above 300 ke the slope is less than calculated, 
which is explained by the influence of local feedback. Nevertheless, the loop 
gain of 3, 7 nepis obtained witha stability marginof 0.7 nep (Figure 12). 
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Figure 12 


Nonlinear distortion in the amplifier, considering the influence of 
local and over-allfeedback, is quite small. Attenuation of second-harmonic 
nonlinearity with an output level of +1 nep (measured at 8 kc) is 9 nep. 

The amplifier previously discussed represents a boundary case with 
regard to complexity and qualitative indexes. However, intermediate types 
may be created on the basis of the same design principles. For example, 
a two-stage amplifier with input resistance bridge and output transformer 
(made in the form of a differentiator) has provedwholly satisfactory for a 
three-channel group receiving amplifier. 
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GERMANIUM AND SILICON 
POWER RECTIFIERS 


R.A, Firdman 


The report presents recommendations for applications of rectifier 
types. Comparative tables are given for various rectifiers and data are 
presented on Soviet-produced germanium and silicon rectifiers. A new 
silicon controlled rectifier is described which will find wide application. 


INTRODUCTION 


Semiconductor rectifying equipment has found wide application in 
power supplies in communication enterprises in the Soviet Union and 
abroad and has largely replaced synchronous converters. This is ex- 
plained by the following advantages of semiconductor rectifying devices: 

1) They are static and noiseless in operation. Hence, it is not 
necessary to provide separate locations for them and they may be placed 
in the Same room with other communication equipments. This considerably 
simplifies the servicing of power supply equipment. : 

2) Their operation may be made entirely automatic by relatively 
simple means. 

Selenium rectifiers have found extremely wide application in the 
power supply equipment in communication enterprises, but industry is 
presently developing and producing more efficient germanium and silicon 
rectifiers with high peak inverse voltage ratings, low forward resistance 
‘and high operating temperature (silicon rectifiers). Another advantage of 
these rectifiers is their compactness. In virtue of their excellent char- 
acteristics these new rectifiers are finding ever increasing application. 

Germanium rectifiers are already used in most cases in low-power 
supplies. Automatically operated high-power supplies using germanium 
devices have been developed. Their high cost is still an impediment to 
wider and more rapid introduction of germanium and silicon rectifiers. 

- However, as the technology of manufacture improves and production of 
_germanium and silicon rectifiers increases their cost is rapidly decreas- 
ing and will continue to decrease. 


GERMANIUM RECTIFIERS 


Due to the small size of the germanium wafer and, consequently, its 
low heat capacity, it is subject to intense heating and, hence, must be pro- 
tected against shorts and overvoltages. It is recommended that, under all 
possible operating conditions, the ambient temperature of the rectifier not 
exceed 65°C. The inverse voltage must never exceed the peak rated value. 

Germanium rectifiers possess a negative temperature characteristic. 
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Losses in the forward direction depend on load and in the reverse direction 
depend on inverse voltage. An increase in loss causes an increase in 
rectifier temperature and a change in its resistance. With an increase in 
temperature losses in the reverse direction increase rapidly, since the 
reverse current varies exponentially. 

At small loads the volt-ampere characteristic of the rectifier is a 
logarithmic curve defining the resistance in the semiconductor layer. 

Upon the flow of reverse current, due to a considerable increase in barrier- 
layer resistance of the semiconductor, it will only pass a saturation cur- 
rent which value is determined by the magnitude of the reverse voltage. 

The value of reverse current is influenced by the degree of homogeneity of 
the germanium. The greater the contact surface area, the more difficult 

it is to attain a high degree of homogeneity. The presence of moisture in 
the barrier layer gives rise to sectors of increased conductivity, which 
represent “shunt” microchannels of reverse current which cause relatively 
high losses. 

Asarule, germanium rectifiers are air-cooled. Forced-air or 
liquid cooling is used for high-power rectifiers. In certain cases a dielec- 
tric medium, which is driven through a heat exchanger, may be used for 
cooling. 

In order to increase permissible peak inverse voltage and rectified 
current in power supplies, series and parallel connections of germanium 
rectifiers are used. In series connection it is necessary that the total 
reverse voltage applied to the series-connected rectifiers be uniformly 
distributed among them in order to avoid overvoltages. For this purpose 
the rectifiers are shunted by active resistances of such value that they 
compensate for differences in the characteristics of individual rectifiers 
in the nonconducting direction, 

Selection of the shunting resistance is usually based on the following 
assumptions: the current passing through the shunting resistor must not 
be more than twice the value of reverse current flowing through the rectifier 


Figure 2. Germanium rectifier Figure 3. Germanium 
VG-10-80 rectifier of D-300 series 
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under normal operating conditions. If it is possible beforehand to match 
the rectifiers according to characteristics and to arrange them in groups 
having practically identical resistances, the rectifiers of one group may 
be connected in series without shunt resistors. In parallel connection of 
rectifiers it is necessary to match them for forward resistance. These 
resistances should be identical in order to ensure uniform distribution of 
forward current between the individual parallel-connected rectifiers, 

The specifications of germanium rectifiers presently under develop- 
ment or produced by Soviet industry are given in Tables 1-4, Photographs 
of these devices are given in Figures 1-3. 


Table 1 


VG-10 Germanium Power Rectifiers Produced 
by “Elektrovypryamitel’” Plant (principal 
parameters at t = 20°C, AC supply frequency 
50 cps, resistive load, rectifier weight 0. 2kg) 


ANY, TASOMMASC 
‘current, amp 


~ 
8 5 
q 
Q, 
a 2 = 
a5) S) 
io) e Re 
> o oD 
, Forced- op a 
o air-cooled| # 2 
Rectifier a S ~ 
type and 2 2 2 
& or 
group 5 d bape 
[a0] 4 o 
oO enn > 
oy = ® Bg 
is Sima. tits 4 
3 Shee ieee 
B Eg |85 
re RS | Ay 
w 2 > 
= Spey le a 
VG_.10-30 30 0.45 10 
VG 10-45 45 0.45 8 
VG.-10-55 5 0.45 6 
10-80 80) 7. ‘ 0.45 5 
VG-10-110 | 110} 7.5; 15 20 0.45 4 
VG10-150 159 7.5) i5| 20 | 0.45 3 


| 


The Committee on Converter Techniques (attached to the Chief 
Scientific- Technical Commission USSR) has recommened a new rectifier 
classification: ; 

I. Germanium rectifiers are divided into seven classes according 
to maximum peak voltage (listed in Table 5). 

Il. Germanium rectifiers are divided into five groups according to 
voltage drop (Table 6). 

By voltage drop is meant the forward voltage drop during passage of 
a half-wave single-phase current the mean value of which is equal to the 
rated current. 
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Table 2 


VG-50 Germanium Power Rectifiers Produced 
by “Elektrovypryamitel’ ” Plant (principal 
parameters at t = 20°C, AC supply frequency 
50 eps, resistive load, rectifier weight 0. 7 kg) 


Av. rectified g 
current, amp = H 
n ce) =} 
Sz ta 12) 
| g ara, | te 
a Forced- ap H 
' o (a0) o 
| Me air-cooled| # ce 
|Rectifier A s ee 
type and E P edie o 
group AS gs | s 
wo | Paes ae) 2 
2 a= = oF 2 
on > |O re uaaes A a 
gj; Sigg So | ¢a2 Es 
3 | ong o =: - she 
EY Orli: Baek eS | fe 
qa Hifw fo | ge ah 
Le ee ee as 2a 
VG-50-15 15} 30 | 60 0.45 40 
VG-50-30 30} 30 | 60 0.45 4) 
VG-50-45 45) 30 | 6) 0.45 30 
VG-50-55 55| 30 | 60 | 0.45 30 
VG-50-70 £0} 30 | 60 | 0.45 20 
VG-50-110 0.45 20 


Table 3 
GVV-200 Germanium Power Rectifiers Produced 
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by “Elektrovypryamitel’” Plant 


Note: 

Average rectified cur- 
rent 200 amp, AC sup- 
ply frequency 50 cps, 
maximum average volt- 
age drop 0.8 v, maxi- 
mum reverse current 
at 20°C 100 ma, maxi- 


Rectifier 
type and 
group 


Max. peak 
inverse, volts 


GVV -200-15 
GVV -200-30 
GVV -200-45 
GVV -220-55 
GVV'-200-89 


_ 
on 


mum water tempera- 
ture 30°C, minimum 
water flow 2 liters /nin, 
minimum resistivity 
of cooling water 2,5 
kilohms/cm, rectifier 
weight 1.7 kg. 


aon & Ww 
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lll, Germanium rectifier types fall into eight groups: five air- 
cooled (VG) and three water-cooled (VGV). 
The specifications are given in Table 7. 


Table 7 


Maximum peak inverse, volts 


Voltage 


drop, 
ie 


.8 
80 


Rectifier Cooling 


Forward 
current; amp 


forced-air 
forced-air 
air 

forced-air 
forced-air 
forced-air 


SNS) ee) eae) tae a) f=) ) 


*Air velocity 10 m/sec. 
*kWater flow 4 liters/min . 


SILICON RECTIFIERS 


Diameter of the silicon: wafer is based on calculation of a current 
density of 0.5-1 amp/mm2. Wafer thickness (from 0.4 to 0.6 mm) depends 
on the diameter — the greater the diameter, the greater the thickness. 
Since silicon is an extremely brittle material the wafer is placed between 
two metal plates having almost the same coefficient of linear expansion as 
silicon, The silicon layer in which aluminum is fused serves as the anode 
and the layer in which gold or silver with antimony is fused serves as the 
cathode (the conducting direction is from aluminum toward gold). 

For protection against external agents (particularly moisture) and to 
ensure excellent heat removal, the cell is placed in a thick hermetically 
sealed metal case. An inert gas is sometimes introduced into the case in 
order to protect the silicon surface against contamination. 

In order to increase the available current of power supplies the rec- 
tifiers are connected in parallel, For reliable operation of the power sup- 
ply it is recommened that the load of each rectifier be reduced by approxi- 
mately 20%. The necessity for such a decrease in load is associated with 
nonuniform temperature conditions over the rectifier surface due to non- 
uniform current distribution. In the parallel connection of silicon recti- 
fiers it is also recommended that in series with each of them (or with a 
group of series-connected rectifiers) there be connected a balancing resis- 
tance of from 1 to 2 ohms. This eliminates the necessity for special 
matching of rectifiers for identical internal resistance. 

In the case of series connection of rectifiers for the purpose of obtain- 
ing higher rectified voltages (as in the case of germanium rectifiers) in 
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order to ensure unform distribution of reverse voltage among the rectifiers 
it is recommended that in parallel with each rectifier there be connected 

a Stabilizing resistor. The current through the resistor must be five times 
the value of reverse current through the rectifier. 

Under normal temperature conditions the series connection of recti- 
fiers may be achieved without special matching, since the likelihood of 
thermal overloading of one of the rectifiers in a series circuit is not great. 

Reverse voltage surges can easily cause breakdown of the barrier 
layer. Hence in some cases special protective measures are required 
which are not ordinarily used even for germanium rectifiers. 

Upon the occurrence of a short circuit it is necessary to immediately 
disconnect the faulted section of the circuit. In low-power installations 
this disconnection is achieved by means of a fuse and in high-power instal- 
lations it is achieved by means of an automatic switch. In order to protect 
a Silicon rectifier against breakdown during short overloads the power 
supply may include somewhat large inductances (particularly by choosing 
transformers with high winding inductance). However, extremely large 
inductances lead to disturbance of normal control conditions of the power 
supply. 

Shunt capacitances or nonlinear resistances are used in order to 
decrease transient overvoltages. Nonlinear resistances are preferred to 
capacitances for this purpose since the resistors do not increase the dura- 
tion of voltage pulses. 

Reverse losses must be small in comparison with forward losses, 
otherwise thermal swinging of one or another rectifier may occur, parti- 
cularly in the high-temperature regions. Should this occur the barrier 
properties of the rectifier will be impaired and will cause breakdown of 
the other rectifiers. The heat transfer characteristics of a silicon rectifier 
are important in evaluation of its quality, since the maximum output power 
of a silicon rectifier depends on the rate of transfer of heat dissipated in 
the wafer to the cooling device. 

Silicon rectifiers may be air-cooled, forced-air-cooled and liquid- 
cooled. If the rectifier is to be liquid-cooled the lower part of the rectifier 
base is coated with silicon varnish or a grease compound which seals it 
against the effect of air. If the rectifier must be electrically insulated 
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Figure 4. VK-10 Figure 5. VK-50 Figure Gr. VK-50 
without heat sink without heat sink with heat sink 
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Figure 8 
Relative dimensions of germanium rectifiers 


D-200 VK-10 VK-50 VK-50 with 
heat sink 


Figure 9 
Relative dimensions of silicon rectifiers 


Table 10 
Maximum Peak Inverse, Volts 


Circuit Table 11 
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from the cooling system, between the rectifier and the system thin mica 
gaskets are inserted which are smeared with a layer of grease for hermeti- 
city. The cooling system must possess high heat conductivity; hence it is 
made of copper or aluminum. 

Under stationary conditions oil cooling with circulation through a heat 
exchanger may be used, In all silicon power rectifiers having finned heat 
sinks, heat conduction to the fins must be as efficient as possible. In order 
to improve heat conduction it is recommended that special organosilicon 
pastes be used. These are applied between the rectifier case and the cooling 
ribs or fins of the cast heat sink. The Laboratory for Semiconductor Power 
Rectifiers (V.I. Lenin All-Union Electrical Engineering Institute) has 
developed and submitted to industry specifications as well as test specimens 
of the following silicon rectifiers: the VK-10 at 10 amp, 50-200 v; VK-50 
at 50 amp (without heat sink) and 100 amp (with heat sink), 50-200 v; VK-100 
at 100 amp, 50-200 v — all of these are rectifiers with air cooling or forced- 
air cooling — and the VKV-200 at 200 amp with water cooling. 

The industry is also producing silicon rectifiers rated at 400 ma and 
100, 200, 300 and 400 v. 

Tables 8 and 9 list the types and specifications of silicon rectifiers. 

The Committee on Converter Techniques (attached to the Chief 
Scientific-Technical Commission USSR) has recommended a new rectifier 
classification: 

I, Silicon rectifiers are divided into ten classes according to maxi- 
mum peak inverse voltage (listed in Table 10). 

II. Silicon rectifiers are divided into five groups according to volt- 
age drop (Table 11). 

III. Silicon rectifier types fall into nine groups: six air-cooled (VK) 
and three water-cooled (VKV). 

The data are listed in Table 12. 


COMPARISON OF SEMICONDUCTOR RECTIFIERS 


The reverse current of a silicon rectifier at its operating temperature 
is less than the reverse current of a germanium rectifier at 25°C. 

This parameter does not play a substantial role in power rectifiers, 
since the currents in the forward direction are immeasurably greater than 
the reverse currents. Depending on the power of the rectifier, reverse 
voltages may reach several hundred volts per cell; that is, they are greater 
than in a germanium rectifier of the same power. In the forward direction 
silicon rectifiers have larger voltage drops (0.7-1.3 v) than germanium 
rectifiers (0.2-0.7 v). In this connection the efficiency of silicon rectifiers 
is also slightly lower than that of germanium rectifiers and it is evident 
that silicon rectifiers have poorer short-circuit efficiency and stability 
than germanium rectifiers, but the latter possess high temperature depen- 
dence. Each type of rectifier has its area of application. 

The Burea of Ships (Department of the Navy, USA) and General 
Electric have prepared a comparative table of parameters of selenium, 
germanium and silicon rectifiers (see Table 13), 

Westinghouse (USA) considers that the areas of application of semi- 
conductor rectifiers should be distinguished as follows: 

1. Copper oxide rectifiers — voltage up to 10 v (direct), power up 
to 5 watts. 


2. Selenium.rectifiers — voltage up to 500 v (direct), power up to 
10,000 watts. 
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3. Germanium rectifiers — voltage up to 100 v (direct), power up 
to 100 Mw. 


4. Silicon rectifiers — voltage up to 10,000 v (direct), power up to 
100 Mw. 


CONTROLLED RECTIFIERS 


Control of power supplies with semiconductor rectifiers is achieved 
by means of somewhat complex circuits with the use of magnetic amplifiers. 
Hence the possibility of direct control of the rectifier itself as occurs in 
thyratrons, ignitrons and excitrons is of particular interest. A general 
view of a silicon controlled rectifier is given in Figure 10. 

The rectifier consists of four 
regions (p-n-p-n) but has a differ- 
ent operating principle than a p-n- 
p-n transistor. Figure 1la shows 
the structure and Figure 11b the 
circuit representation of a silicon 
controlled rectifier. The scope of 
this report does not permit a dis- 
cussion of the physical phenomena ; 
occurring in the controlled rectifier; Figure 10. General view of 
hence we shall proceed to discussion silicon controlled rectifier. 
of the distinguishing parameters of 
the rectifier and indicate its area of 
application. 

The power gain in a new rectifier reaches 150,000 with a switching 
time of 1 microsecond. 

The controlled rectifier has a higher rated voltage (400 volts, and in 
some cases up to 500 volts) and a higher rated current (more than 30 amp)’ 
than other existing transistors. 


a) b) 
1. reverse voltage 
1, cathode (large lead) 2. forward voltage 
2. control electrode 3. forward current 
(small lead) 4, reverse current 
3. anode (threaded stub) 5. max. rated voltage 
Figure 11 Figure 12 
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The ratio of reverse resistance to forward resistance is extremely 
large: the average reverse current is approximately 10 ma at maximum 
load current of more than 30 amp. The volt-ampere characteristic of a 
controlled silicon rectifier is given in Figure 12. With a decrease in cur- 
rent below the rated reverse current the controlled rectifier switches to 
the open state. 

In the open state the currents in the forward and reverse directions 
are approximately the same as in high-power silicon rectifiers with equal 
parameters. 

As in the uncontrolled silicon rectifier, all parameters of the new 
rectifier are temperature-dependent. 

In order to overcome the internal voltage drop at the lower p-n junc- 
tion of the controlled rectifier the control signal must be greater than one 
volt. Sufficient current must pass through the lower positive region to 
create a current avalanche. Unblocking of the rectifier requires a current 
of the order of 15 ma. 

For the lower p-n region the resistance ratio is small (ranging from 
4to1). In order to limit the passage of large currents through the control 
circuit it is necessary to include in this circuit a limiting resistor or 
blocking diode. When the control rectifier is open the voltage drop between 
anode and cathode is quite small (0.2-0.3 volts) and requires current limit- 
ing or complete isolation of the control circuit. 

The voltage drop at the open rectifier is approximately one volt, which 
is 20 percent greater than in ordinary silicon rectifiers. 


a) ey b) 
aan ee caay. Re 
MS \ — 5 so, 
He py oem uih ene : 
ee 2 & a 
Figure 13 


As in the case of thyratrons the con- 
trolled rectifier possesses a certain deion- 
ization time; however, it may be con- 
sidered an ideal switch, since after trig- 
gering the rectifier is in the conducting 
state until a negative pulse reaches the 
control electrode, blocking the rectifier 
again, 


R50 kohm 


Controlled rectifiers may be con- 1. for inductive loads; 
nected in parallel and in series and used 2. start; 3. stop; 4. load 
in polyphase circuits, 

As many as eight well-matched Figure 14 


rectifiers may be connected in parallel 

without the insertion of regulating resis- 

tors. In series connection it is also necessary that the rectifiers be care- 
pe matched or each of the series-connected rectifiers be shunted by resis- 
ors, 


From the standpoint of circuit applications the controlled rectifier is 
a new device. 
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In an operational comparison of the controlled rectifier with the 
elements of a magnetic amplifier it must be pointed out that the rectifier 
is smaller and lighter than a saturable reactor and may wholly replace it 
and operate as a rectifier with magnetic amplifier. 

Among the advantages of the controlled rectifier is its high efficiency. 
Compared with a controlled rectifier, a magnetic amplifier possesses high 
voltage losses due to the active resistance of the control winding and the 
reactance of the circuit. In order to prevent saturation of a magnetic 
amplifier its winding must have a large number of turns capable of sustain- 
ing the total load current without overheating. These factors account for 
the size of the magnetic amplifier. The magnetic amplifier gain is a 
variable quantity depending on the response time of the amplifier. The 
gain of a controlled rectifier does not depend on the rectifier sensitivity. 

It may be regarded as varying in steps without introducing time lag, phase 
shift or slope of the characteristic. Actually all lag and phase shifts are 
introduced by the unit controlling the rectifier. Lag need be considered 
only in the case where the supply-voltage frequency approaches the natural 
Switching time of the rectifier. Below we list the parameters of silicon 
controlled rectifiers manufactured in four types. 

The average forward current 
at t = 65°C is 15 amp; half-wave 
current pulse is 150 amp; tempera- 
ture limits are -65° and +150°C; 
maximum forward voltage drop is 
0.75 volts; peak reverse current is 
5 ma; maximum gate current to fire is 
25 ma; maximum gate voltage tofireis 
3 volts; holdingcurrent is 10 ma; for- 
ward breakdown voltage (four types) is 
25, 75, 150, 300 volts; maximum con- 

control current, ma tinuous voltages are the same. Maxi- 
mum transient voltages are 35, 110, 
max. rated control voltage. 225, 400 volts, respectively. 
max. gate current to fire. The upper n-layer serves as 
max, gate voltage to fire. the cathode and the lower p-layer as 
max. rated control current. the anode, while the middle p-layer 
serves as the control electrode. In 
Figure 15 switching circuits using controlled 
rectifiers simple half-wave circuits 
with AC supply are used (see Figure 13). The rectifier control circuit is fed 
from the main AC source and froma separate DC source. An interesting applica- 
tion of the controlled rectifier is its use as a static motor control (see Figure 14). 
The control characteristic shows that precise triggering of the rectifier is 
possible witha control current with a steep leading edge (see Figure 15), 


control voltage, v 
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AUTHORS’ CERTIFICATES 


Class 21a!, 595, No. 138947. M.I. Mushkat. Device for protection 
of AC supply circuits against direct current. 

Class 21a!, 209, No. 138651. V.D. Urin. Connection circuit for 
two-position multiwinding relay. 

Class 21a!, 32,,, No. 138948. I.K. Malakhov-Kamartan. Method 
of decreasing lag in television camera tube. 

Class 21a!, 32,,, No. 138949. Yu. A. Ignatovskiy, S.A. Valuyskiy 
and T.R. Myasnikova. Method of preaging soldered television tubes. 

Class 21a!, 323,, No. 138950. V.M. Lyubia and V.N. Khakhulin. 
Method of obtaining photoconductive layer on camera tube targets. 

Class 21a!, 323,, No. 138951. I.K. Malakhov, Ye. N. Arkad’yeva, 
V.M. Lyubin, L.G. Paritskiy and §.M. Ryvkin. Television camera tube 
for the infrared region. 

Class 21a', 32,;;, No. 138952. L.E, Tsyrlin and M. B. Grinbaum. 
Method of reading potential relief. 

Class 21la!, 32;,, No. 138953. Related to Author’s Certificate No. 
118427. Ye. I. Meybaum, V.A. Kruzhilin and M.F. Strel’chuk, Horizon- 
tal sweep generator. 

Class 21a!, 344), No. 188954. Ye. N. Blagoveshchenskaya and M. M. 
Rusinov. Optical system for color television camera. 

Class 21a’, 34,;, No. 138955. G.V. Braude. Method of controlling 
charge stored on camera tube target. 

For the purpose of varying the charge at the target of a camera tube 
using electronic image transfer in television transmission of motion pic- 
tures, it is proposed that negative pulses of variable duration be applied 
to the photocathode of the tube. 

Class 21a!, 3549, No. 138956. M.A. Matveyev. Method of improv- 
ing noise immunity in television image synchronization. 

It is proposed that a high-power sync pulse of short duration be trans- 
mitted by means of a separate transmitter at the moment of blanking of the 
video transmitter during horizontal flyback and that the two signals be com- 
bined in the antenna. 

Class rly ee 36, No. 138957. K.I. Rekevichyus. Multivibrator. 

For the purpose of obtaining a pulse train and for simplification of 
control of duration of the pulse train and of the individual pulses in a 
multivibrator with cathode coupling, it is proposed that in parallel with the 
amplifier tube there be connected an additional tube with its grid connected 
to the control-voltage source. 

Class 21a!, 36, No. 138958. Z.B. Gaydukov. Random function 
generator. 

Class 21a’, 180;, No. 138960. L.N. Kiselev. Combination tran- 
sistor-magnetic amplifier. 

Class 21a”, 18), No. 138961. M. Ye. Poyurovskiy. Class D 
amplifier, 

Class 21a”, 1893, No. 138962. R.G. Gasparov. Pulse amplifier. 


Class 21a’, 349,, No. 138963. V.B. Sokolov. Acoustic impact 
limiter. 


78 


For the purpose of reducing the power of acoustic impact it is pro- 
posed that the acoustic impact limiter employ an autotransformer with a 
core which is saturable at low voltages across its primary winding, and 
two reference diodes with reverse-polarity connection across its secondary. 

Class Dar; 3619, No. 138964. Related to Author’s Certificate No. 
118428. A.A. Tregubov, P.I. Semenovand V.M. Kornilova. Device for 
blocking tube heaters . 

Class 21a‘, 8, No. 138965. V.A. Shpolyanskiy and B.M. Chernya- 
gin. Mechanical-electronic chronometer, 

Class 21a‘, 89, No. 138966. P.A, Karavayev. Method of coarse 
tuning of a filter to a synchronizing frequency. 

For the purpose of increasing the automatic-tuning bandwidth of a 
filter it is proposed that a self-excited oscillator be converted to amplifier 
operation and pretuned to a synchronizing frequency by means of automatic 
phase control of the tuned circuit. 

Class 21a‘, 892, No. 139343. M.S, Khaykin. Method of frequency 
stabilization. 

It is proposed that a superconducting metallic cavity resonator be 
used for frequency stabilization. 

Class 21a‘, 901, No. 138967. E.S, Glazman. Device for adding out- 
put powers of oscillator units. 

For the purpose of increasing the gain of oscillator units whose output 
powers are added in a bridge circuit it is proposed that the plate circuit of 
the units, except one, be connected to the driving circuit of the adjacent 
unit by means of a coupling network. 

Class 21a*, 99), No. 139344. V.A. Lyul’ko and O,M. Mamonova. 
Thyratron wave generator with low-impedance output. 

Class 21a’, 10, No. 138968. N.A. Podol’ner and Ye. G, Smazhev- 
skaya. Ceramic piezoelectric. 

Class 21a‘, 13, No. 138969. L. Ye. Leykhter. Frequency generator. 

Class 21a‘, 2202, No. 138970. G.M. Makhonin and G, Ya. Gol’ dshteyn. 
Passive stepped filter. 

Class 21a‘, 3539, No. 138971. Wolfgang Bruske (German Democratic 
Republic). High-frequency generator for high-voltage power supply. 

Class 21a‘, 3539, No. 138972. V.S. Uritskiy. Current regulator. 
Class 21a‘, 42, No. 138973. A.I, Timofeyenko. Phase-sensitive 
demodulator for servo systems. 

Class 21a‘, 460,, No. 138974. L.N. Deryugin. Method for electrical 
control of beam of directional linear and broadside antenna arrays. 

Class 21a‘, 68, No. 138976. A.F. Senchenkov. Inductor. 

Class 21a‘, 71, No. 139347. L.A. Pereverzev. Method of checking 
pulse response of radio-noise meters by use of steep pulses. 

Class 21a‘, 75, No. 138980. B.A. Tafeyev. Box for miniature semi- 


‘conductor diodes. 
Class 21c, 4659, No. 138990. Ye. S. Oreshkin. Transistorized com- 


mutator. 
Class 21c, 46,0, No. 138991. A.I, Zhuravlev and A.M, Kamenskiy. 


Contactless device for obtaining low-frequency rectangular pulses. 
Class 21e, 119;, No. 139001. B.I. Khazanov and L.S, Gorn. Counter 


with reading recorder. 
Class 21d?, 12, No. 139361. S,P. Fursov. Transformerless recti- 


fier for charging storage batteries. 
Class 21d’, 4293, No. 138661. G.V. Margolin. Semiconductor DC 


converter. 
For the purpose of simplifying a transistorized bridge converter and 
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increasing its reliability it is proposed that capacitors be inserted in two 
arms of the bridge in parallel with the power supply. | 

Class 2le, 39, No. 138662. V.S. Skryabinskiy. Electromagnetic 
measuring instrument. ; ; 

Class 2le, 11;., No. 139002. B.P. Fridman. Electronic switch 
for cathode-ray oscilloscope . , 

Class 2le, 1144, No. 138663. G.Ye. Shakhinidi and A.D. Agashin. 
Plezoelectric vibrator in an oscillograph. 

Class 2le, 12, No. 139006. A.S. Serdyuk, V.A. Konovalenko, 
A.A. Kosyakov and Ye.N. Merkur'yev. Method of measuring weak mag- 
netic fields. 

Class 2le, 11,9, No. 139003. D.A. Itskov. Method for obtaining 
low-frequency phase shifts. 

Class 2le, 11), No. 139004. V.S. Kirichenko. Method of record- 
ing speech spectra. 

Class 2le, 12, No. 139367. V.V. Kobelev. Magnetic-field null 
indicator. 

Class 2le, 29,5, No. 138664. F.I. Men'shikh. Device for checking 
resistance and insulation resistance of electrical circuits. 

Class 2le, 36), No. 138666. G.G. Stepanenkov and V.I. Cherbya- 
kova. Microammeter for thermoelectric system. 

Class 2le, 36), No. 139368. V.Ye. Kazakevich. Method of deter- 
mining contact difference of potential. 

Class 21e, 693, No. 139010. Ye.D. Koltik. Device for indication 
of 90° phase shift. 

Class 2le, 364), No. 138667. K.S. Grishin. Device for recording 
electric field distribution in space. 

Class 2le, 374), No. 139012. A.N. Yermakov. Device for measur- 
ing elastic permeability in an alternating magnetic field. 

Class 21g, 495, No. 138669. V.I. Kuz'michev. Solid-state timing 
relay 

Class 21g, 49;, No. 139014. P.M. Vaysburd. Method of increasing 
stability of electronic timing relay. 

Class 21g, 1193, No. 139015. S.G. Madoyan and A.V. Krasilov. 
Tunnel diode. 

For the purpose of obtaining a segment with high differential resis- 
tance it is proposed that there be introduced into the tunnel diode a second 
p-n junction not possessing the tunnel effect and operating in the back 
branch of its volt-ampere characteristic. 

Class 2g, 134, No. 139019. B.I. Vasserman and N.V. Ignatova. 
Heater for vacuum-tube cathodes. 

Class 21g, 13,7, No. 139021. A.S. Tager. Microwave electron- 
beam amplifier using BWT and TWT with feedback. 

Class 21g, 132, No. 139022. N.S. Zinchenko and A.R. Motornenko. 
Method of ionic focusing of electron stream in high vacuum. 

Class 21g, 1335, No. 139024. I.A. Lyudmirskiy, V.M. Kudryavtsev 
and I.Ya. Lyamichev. Electroluminescent screen. 

Class 21g, 31lo9, No. 139029. L.I. Rabkin. Method of preparing 
thin ferromagnetic films with rectangular hysteresis loop. 

Class 42d, 14, No. 139091. R.N. Shumilov. Method of recording 
audio or ultrasonic frequencies. 

Class 42g, 94, No. 139100. S.A. Solov'yev-Kalin. Method of trans- 
ferring sync numbers from original magnetic sound recording to photocopy 
and a device for this purpose. 


Class 42h, 37, No. 139103. V.S. Golubkov, B.L. Smushkovich, 
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G.N. Il'in, D.I. Rovo and A.I. Sulharev. Stroboscopic device. 

Class 42m, 14, No. 139147. L.N. Korablev. Method of achieving 
interstage coupling in decoders. 

Class 42m, 14, No. 139148. L.I. Gutenmakher. Numerical address 
storage. 

Class 42m, 14, No. 139149. Ye.1. Gurvichand L.B. Shchukin. Met- 
hod of determining number of turns in windings of magnetic memory cores. 

Class 42m, 14, No. 139150. Related to Author's Certificate No. 
124203. I.N. Bukreyev, V.V. Chavchanidze, Yu.s. Makukyan and N.D. 
Sergeyenko. Device for distinguishing numbers by absolute value. 

Class 42m, 14, No. 139151. V.L. Voronel'. Synchronous delay line. 


FOREIGN PATENTS 


BRITISH PATENT, Class 40(7), No. 850967, 12.10.60. Television 
antenna for reception of two programs of wide frequency separation. 
Durant, Ernest William (Telerection Ltd.). Improvements in or relating 
to radio aerials, particularly for television reception. 

FRENCH PATENT, Class H 04d, No. 1227424, 19.08.60. Antenna 
for rockets. Allezard, Roland (Telecommunications Radioelectriques et 
Telephoniques — T.R.T.). Proposes a nonprojecting antenna design for 
rockets and other such vehicles. 

BRITISH PATENT, Class 40(7), No. 850974, 12.10.60. Transceiver 
antenna operating at two or more short-wave frequencies. McCaig, James 
Sherriff. Improvements relating to composite aerials. The installation 
consists of two structurally identical loops: a transceiving loop and a 
reflector loop. The perimeter of each antenna is equal to the operating 
wavelength; the distance between the loops is approximately 1.5 wave- 
lengths. Power gain is 10-12 db; back attenuation is approximately 50 db. 

GERMAN (FGR) PATENT, Class 21a‘, 46/01, No. 1059980, 2.12.59. 
Wideband antenna. Becker, Rudolf (Telefunken G.m.b.H). The installation 
consists of two dipole radiators with an arm ratio of 2:1 positioned at an 
-angle of approximately 30°. The radiators are joined with a common coaxial 
cable so that at high frequency the short dipole is more effective and at 
low frequency the long dipole is more effective. 

GERMAN(FGR) PATENT, Class 21a‘, 1/01, No: 1045479, 28.07.60. 
Automatic device for optimum lagless tuning of radio transmitting antenna. 
Miram, Paul. Tuning is achieved by means of an impedance created by a 
reactance tube circuit. Reactance of the circuit varies with changes in 
the operating frequency so that antenna tuning is maintained. 

BRITISH PATENT, Class 40(5), No. 851810, 19.10.60. Compandor 
for wideband communications channels. Scully, Charles Thomas (Standard 
Telephones and Cables, Ltd.), Improvements in or relating to amplitude 
compression and expansion arrangments in communications systems, A 
compandor is proposed for operation in wideband communications channels. 
One of the advantages of the unit is the decrease in noise introduced by the 
channel modulator and demodulator. 

USA PATENT, Class 179-15. No. 2935569, 3.05.60. A system 
permitting the number of conversations to exceed the number of telephone 
channels in a communication system. Saol, Frederick A., Welber, Irwin 
(Bell Telphone Labs, Inc.). Time assignment speech interpolation system. 
The system is based on utilization of the pauses in telephone conversation. 
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By means of continual sampling of speech density of the channels and 
appropriate commutation with the use of a memory device, complete load- 
ing of all the channels is achieved. This permits increasing the number 
of conversations without increasing the number of channels. 

USA PATENT, Class 333-1, No. 2943272, 28.06.60. Decreasing 
crosstalk in short (< 150 m) exchange signal cables. Feldman, Nathan W., 
Crosstalk cancellation in signal communication system. It is proposed 
that crosstalk be reduced by inserting into a common conductor a device 
which provides resistance and inductance at its terminals. 

GERMAN (FGR) PATENT, Class 21a’, 68/40, No. 1071770, 23.06.60. 
Device for detection of faults in telephone communication channels. Rings, 
Frederich (Siemens and Halske Akt-Ges.). The proposed device performs 
sequential testing of telephone channels. Upon the occurrence of a fault 
the channel is disconnected. The fault is indicated by the absence of a ring- 
off signal from the far end. 

BRITISH PATENT, Class 37, 40(5), No. 840799, 13.07.60. Method 
of comparing transmission characteristics of different communications 
systems in the frequency range of 60 kc to 10 Mc. Hardy, John Wheeler 
(British Telecommunications Ltd.). Improvements in and relating to the 
testing of electrical communications apparatus. 

BRITISH PATENT, Class 40(4), No. 853771, 9.11.60. Automatic 
gain control of high-frequency communication systems. Helliwell, Brian 
Stanley (British Telecommunications Research Ltd.). Improvements in or 
relating to automatic gain regulators of carrier current telecommunication 
system. A solid-state device is proposed for AGC in the case of remote 
supply for DC regulated intermediate repeaters. 

BRITISH PATENT, Class 40(4), No. 853884, 9.11.60. Checking the 
condition of line repeaters in high-frequency systems with fault signaling 
at attended stations. Ingram, Derek George Woodward (The General 
Electric Company Ltd.). Improvements in or relating to telecommunication 
systems. 

BRITISH PATENT, Class 40(4), No. 852892, 2.11.60. Use of voice- 
frequency current for operation of switching equipment and application of 
required signals along interoffice lines. Drake, Bernard, Stallworthy, 
Frank Allen (Siemens Edison Swan Ltd. , formerly Siemens Brothers and 
Co. Ltd.). Improvements relating to telephone systems. 

USA PATENT, Class 175-15, No. 2944112, 5. 07.60. Method of 
connecting two-wire subscriber lines to a common installation linked with 
a telephone office by radio channel. Pontecorvo, Paul J., Gillespie, 
Charles N.,, Smith, Donald W. (Raytheon Co.). Telephony. 

FRENCH PATENT, Class H 04 m, No. 1235541, 30.05.60. Improved 
telephone set (Electro-Union Soe. An.). Instead of the usual transmitter 
and receiver for conversion of electrical oscillations to mechanical (and 
viceversa) , acapsule of fused sulfur is used. The subscriber subset consists 
of atransmitter and loudspeaker and is connected with a similar subset. 

CZECHOSLOVAKIAN PATENT, Class 21d?, 12/03, 21g, 12/04, No. 
95373, 15.05.60. Tacitron and electron oscillators, Machek, Miloslav. 
The tacitron is a grid-controlled gas-discharge tube. The author proposes 
a tacitron frequency converter which is free of the shortcomings of 
thyratron and ignitron circuits. 

GERMAN (FGR) PATENT, Class 21a‘, 1/01, No. 1039581, 7.07.60. 
Standby arrangement for transmitter malfunction. Brose, Joachim (Tele- 
funken G,m.b.H.). Proposes an arrangement for automatic replacement 
of any malfunctioning amplifier. The arrangement provides for preferential 
selection of any transmitter of a group. 
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USA PATENT, Class 178-7, 2, No. 2945089, 12.07.60. Television 
system designed for operation under conditions of fog, darkness, snow- 
storms, dust storms. Cage, John M. (Sturdy-Cage Projects, Inc.) . 
Microwave television system. 

USA PATENT, Class 179-15, 55, No. 2941040. 14.06.60. Method 
of decreasing bandwidth of television transmission, based on quantization 
of signals. Schrieber, William F. (Technicolor Corp.) . Bandwidth reduc- 
tion system. 

USA PATENT, Class 178-6, 8, No. 2939909, 7.06.60. Television 
system with reduced bandwidth or increased definition with same band- 
width. Toulon, Pierre M.G.,, Thompson, Francis T. (Westinghouse 
Electric Corp.). Television system. 

GERMAN(FGR) PATENT, Class 21a!, 32/10, No. 1073534, 4.08.60. 
Recording of television images from a kinescope screen, Wengenroth, 
Gunther (Fernseh G.m.b. H.). In the proposed system for converting 
from positive recording to negative and vice versa the video signal is 
switched by means of a special commutator from the cathode of the kine- 
scope to the control electrode. 

USA PATENT, Class 250-40, No. 2871358, 27.01.59, Television 
tuner for 470-890 Mc. Krepps, James Edgar, Jr. (Sarkes-Tarzian, Inc.). 
UHF tuner for television receivers. 

FRENCH PATENT, Class H 04 n, No. 1238146, 27.06.60. Device 
for dynamic focusing of kinescopes with electrostatic focusing (Televi- 
sion Grammount Soc. An.). 

FRENCH PATENT, Class G 02 b, H 04 n, No. 1233158, 12.10.60. 
Device for obtaining stereoscopic television images (Ferdinand Barault, 
Dimitri Costin). Proposes a device consisting of one or several special 
lenses placed in front of the television screen. 

USA PATENT, Class 250-40, No. 2942108, 21.06.60. Goldstein, 
Harry T., Heinis, Robert P. (Allen B. Bu Mont Labs. Inc.). Fine tuning 
mechanism for television receivers. In present methods for tuning the 
local oscillator of a television receiver by means of a variable capacitor, 
fine tuning must be performed each time the channel is changed. The 
proposed circuit eliminates this; the circuit is tuned by displacement of 
a core within an inductor; the core maintains its relative position in chang- 

ing from one channel to another. 
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